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OBLIGATORY EXAMINATION. 



I. EUCLID (BOOKS L— IV. and VI.). 

[Ordinary abbreviations may be employed; but the method of proof must be 
geometrical. Great im.portance will be attached to accuracy.^ 

1. If two triangles have two angles of the one equal to two angles of 
the other, each to each, and one side equal to one side, viz., sides which 
are opposite to equal angles in each ; then shall the other sides be equal, 
each to each, and also the third angle of the one to the third angle of the 
other. 

ABCD is a rectangle, and AE, BF are drawn to meet the diagonals 
BD, AC in £ and F respectively, and in such a direction that the angles 
AEB, AFB are equal to one another. Show that the triangles ABB, 
AFB are equal in all respects. 

2. The opposite sides and angles of a parallelogram are equal to one 
another, and the diameter bisects the parallelogram, that is, divides it into 
two equal parts. 

AB, CD, EF are three parallel straight lines : and the points A, C, E 
are in a straight line, and also the points B, D, F. Prove that if ^Cis 
equal to CE, then BD is equal to DF. 

W. P. I A 



WOOLWICH ENTRANCE EXAMINATION. 

3. If a straight line be bisected and produced to any point, the 
rectangle contained by the whole line thus produced, and the part of it 
produced, together with the square on half the line bisected, is equal to 
the square on the straight line which is made up of the half and the part 
produced. 

4. In obtuse-angled triangles, if a perpendicular be drawn from either 
of the acute angles to the opposite side produced, the square on the side 
subtending the obtuse angle is greater than the squares on the sides 
containing the obtuse angle by twice the rectangle contained by the side 
on which, when produced, the perpendicular falls, and the straight line 
intercepted without the triangle, between the perpendicular and the obtuse 
angle. 

What is the value in similar terms of the square on the side subtending 
one of the acute angles of this triangle ? 

ABODE is a straight line so divided that AB = BC =CD = DE, and 
O is an external point ; show that the difference of the squares on OA and 
OE is twice the difference of the squares on OB and OD. 

5. The opposite angles of any quadrilateral figure inscribed in a circle 
are together equal to two right angles. 

If any eight-sided figure be inscribed in a circle, show that the sum of 
either four alternate angles is equal to six right angles. 

6. If from a point without a circle two straight lines be drawn, one of 
which cuts the circle, and the other touches it ; the rectangle contained 
by the whole line which cuts the circle, and the part of it without the 
circle, shall be equal to the square on the line which touches it. 

Two equal circles intersect in A and B ; show that if from an external 
point a tangent be drawn to each circle, the tangents will be unequal 
unless lies on AB produced. 

7. Inscribe a circle in a given triangle. 

Find that straight line which would, if produced, bisect the angle 
between two given straight lines, without producing the given straight 
lines to meet. 

8. Describe an isosceles triangle having either of the angles at the 
base double of the third angle. 

9. What is Euclid's test for Proportion ? 

Triangles and parallelograms of the same altitude are to one another as 
their bases. 



OBLIGATORY. ARITHMETIC. [July, 1885 

10. In a right-angled triangle, if a perpendicular be drawn from the 
right angle to the base, the triangles on each side of it are similar to the 
whole triangle, and to one another. 

If AD be the perpendicular, and AB, AC the two sides including the 
right angle : prove that 

Aiy AB^ AC? 

11. Similar triangles are to one another in the duplicate ratio of their 
homologous sides. 



II. ARITHMETIC. 
(Including the use of Common Logarithms.) 
[N.B. — Great importance mill be attached to accuracy. "[ 

1. Simplify (4?3±il±ili±|l±Mzii). 

^ ^ (fx4l) + (32Xf)-(l-rA) 

2. Express the value of' ^-kt-. — -^ as a decimal. 

33-02083 li-o$ 

3. A cube has an edge 2 ft. 6 in. long : find the ratio between the 
sum of the areas of the semicircles described on its edges, and the whole 
surface of the cube, having given that the area of a circle = 3'i4i6 times 
the square of the radius. 

4. Extract the square root of '02010724, and the cube root of 
i8-60962S. 

5. Find the value of -54 of &s. 3^. + -027 of £2. iJj. + '3125 of 
£2. 2S. 

6. If 24 oxen require 6 acres of turnips to supply them for 10 weeks, 
how many acres would supply 6 score of sheep for 15 weeks, 3 oxen eating 
as much as 10 sheep? 

7. What weight must be added to | of | of half a cwt. to make it up 
to T^ of 3| quarters avoirdupois ? 

8. Reduce 15^. gfi/. to the decimal o £1, and £s. 7s. 6|rf. to the 
decimal of one shilling. 

3 
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9. Define a common measure an4 a common multiple, and show how 
to find the Least Common Multiple of two numbers. Find the least 
number which contains the numbers 12, 20, 42, and 56. 

10. If 3 tons. 13 cwts. 3 qrs. 12 lbs. cost £S, 12s. ^., how much wilt 
I ton. 155 cwts. cost? 

11. {a) How many superficial feet of inch plank can be sawn out of a 
log of timber 20 ft. 7 in. long, i ft. 10 in. wide, and i ft. 8 in. deep ? 
Find this by duodecimals. (6) Show that an acre contains 10 square 
chains, assuming that i chain = 100 links, that i link = 0'66 of " foot, and 
that 640 acres = i square mile. 

12. Find, by practice, the cost of making a road 29 m. 7 f. 200 yds. at 
;^34. 16^. 8(/. per mile. 

13. Find the difference between the simple and compound interest on 
£zy8. i^s. for 2 years at 3 J per cent. 

14. Find the rate of interest when the discount on ;^226. 2s. 8d. due 
at the end of ij years is ;^I2. 16s. 

15. A person has a sum of money invested in Consols (3 per cent.). 
He sells out at 87J, and invests the proceeds in railway shares, when ;^icx> 
sells for £l74i. He thus increases his income from ;^I20 to ;^20o. What 

. dividend per cent, does' the railway pay ? 

16. An open tank measuring on the oi(tside 6 yds. 2 ft. in length,' 
3 yds. 2 ft. in width, and 7 ft. deep, is made with sides and floor of brick 
1 ft. thick, and is filled with water. Find the weight of the tank and its 
contents, it being given that one cubic foot of water weighs 1000 oz., and 
that brick is one and a half times as heavy as water. 

17. An astronomical clock has its dial divided into 24 divisions 
instead of 12, and the small hand goes round once in 24 hours, the large 
hand going round once every hour. The 24 hour is noon. Find when 
the hands are at right angles to one another between 24 and i, and find 
also the interval between two successive meetings of the hands. 

18. A legacy of ;^2420 is left to three persons in such proportions that 
after the payment of a legacy duty of 1 5 per cent, the first receives twice as 
much as the second, the second three times as much as the third. What 
are their respective shares ? 

19. What does a person gain or lose per cent, by selling butter at S^d. 
per pound which cost ;^5. 5^. per cwt. ? 

20. A sum oi £38^. lys. 6d. is due at the end of two years. What is 
its present worth, reckoning compound interest at 5 per cent. ? 

4 



OBLIGATORY. ALGEBRA. [July, 1885 

21. Find the value of logjo 'Oi, log, 343, log v8 v'3, and 2 V56. 
Given log 2 = •30103. 

log 3= nrrizis- 

log 11 = 1-0413927. 
log 3-0407= -4829736. 
log 3-0408 = -4829879. 

22. State and explain the rule for equation of payments. 

A has to pay ;^loo per annum half-yearly for two years : find the 
equated time. 



III. ALGEBRA. 



(Including Equations, Progressions, Permutations and Combinations, 
and the Binomial Theorem.) 

[N.B. — Great importance will be attached to accuracy. "l 

1. Multiply 3:^+3;«;2_S^--3 by :^_- + -, and divide 32;c+;'* by 

^2 4 2632 

i -J 

OJC" +y'. 

2. Find the highest common factor of 

2;i^ - a^ - j; - 3 and 11^-3^- 4x^ -yc-2. 
and write down the l.c.m. of , 

9:t^-4, 4x^-36, 3j~'-7j:-6, 3x2 + 7^1-6. 

3. Find the value of x? + 2j^ + 2!? + Bxyi: when x = y+0=^4, and 
-,+^ = 3, pro 

4. Simpliiy 



2 2 'X^ v 

if — +Z- = 3, prove that the value of -5 -^ will be 4 or - 4, 
y^ 1^ y ^ 



(I) ^_ + _f£±l-_3. 

X-1 X^ + X+l X 

■<^' fe-^^8)x(^8-^)- 

^3' [x-y){xi^-y^) + 2xY 
5. Extract the square root of 47- i2\/is, and ,find the value, when 
^ = x/J, of the expression 

2j; - I _ 2X+1 
(x-if~{x+if 

5 
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6. Solve the equations 

(I) ^zi_3/'_l__l^ = _^3_. 
x~\ S\x-i 3/ lo(ar-i) 

(3) ax-by = 2ab, 2bx-k-zay = 2>lP^-(^. 

(3) y+«y = 4, .r2 + 2>'2-^^ = 8. y 

7. The perimeter of a right-angled triangle is six times as long as the 
shortest side. What is the ratio of the two sides containing the right 
angle ? 

8. Prove that / is the sum and q the product of the roots of the 
equation ifi-px-Vq = o. 

Form an equation Vi'hose roots shall be the square of the sum, and the 
square of the difference of the roots of the equation 3^ + yix + 3^ = 0. 

9. The time during which a body will slide down a smooth inclined 
plane varies directly as the length and inversely as the square root of the 
vertical height of the plane. If the time of descent is one second when the 

. height is 4 feet and length 8 feet, what is the height of a plane i yard long, 
down which a body will slide in half a second ? 

10. The 1st and 2nd terms of an harmonic series are 5 and 3 re- 
spectively. Find the next five terms. 



terms as an Harmonic series. Prove that the 3rd term of the former series 
will be equal to the «-l-2|th of the latter. 

11. How many different sets of 12 can be chosen from a group of 15 
men? 

If 12 be selected from each of two groups in how many different ways 
can the 24 men be arranged in a line so that 4 men, and not more than 
4 men from the same group, shall always stand together ? 

12. In what scale of notation will the decimal fraction 'i be expressed 
by '02222 ? 

13. Write down the general term in the expansion of [fl-xf'^, and 
show that terms equidistant from the beginning and the end have the same 
numerical coefficient. 

Also find the nth term in the expansion of 

\ tjJxI 



OBLIGATORY. PLANE TRIGONOMETRY. [July, 1885 

IV. PLANE TRIGONOMETRY. 

(Including the Solution of Triangles.) 

[N.B. — Great impoiiance will be attached to accuracy. 'X 

1. Explain the different methods of measuring an angle by means of 
degrees and circular measure, and write down the relations between these 
two measures of an angle. 

Find the number of degrees, and the circular measure of an angle of 
a regular octagon. 

2. Define the cotangent and cosecant of an angle, and prove by 
geometrical constructions the formulae : 

cosec(l8o°-/i) = cosec.^, cot(l8o°-^)= -cot/4, 
cosec^/4 = 1 + Q,o'<?A. 

3. Find a general expression for all the angles which have the same 
tangent as a given angle. 

Solve the equation : _ 

tan^e - (I +\/3) tan e + V3 = o. 

4. If ^ + iff be less than a right angle, prove by means of geometrical 
figures the formulae, 

sin (/4 + B) = sin ^ cos ^ + cos A sin B, 
sin^+sin^ = 2 sin J (/4+5)cos4(^ - B). 



Prove that 



(I) tang= J i-g°sg . 
2 Afi+cosS 

.. tan59 + tan3e _ 

tan 59 -tan 39 

(3) sin-if+sin-iT^ = sin-i|i 



tanjS + tanjS^ ^^3 29cos49. 
tan 59 -tan 39 



and 



Prove that 

sin — + cos — -'± vT+smTZ, 
2 2 

sin — - cos — = ±\/l - sin A, 
2 2 

and find the proper signs when the angle A lies between 990° and 1080°. 
Show by a geometrical figure that sin — , when expressed in terms of 

sin A, has four values, 

7. Prove that in a triangle the sides are proportional to the sines of 
the opposite angles. 

If, in a triangle ABC, acosA = bcosB, prove that the triangle is 
isosceles or right angled. 

7 
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8. The lengths of two of the sides of a triangle are i foot and sIt, feet 
respectively, and the angle opposite to the shorter side is 30°. Prove that 
there are two triangles which satisfy these conditions; find their angles, 
and show that their areas are in the ratio slT, + I : vj - J . 



9. Prove that, in a triangle ABC 
C 



cot- 
2 






li a = 32, 6 = 40, c = 66, find the angle C, having given 
log 207 = 2-3159703, 
log 1073 = 3-0305997, 
L cot 66° 18' = 9-6424342, 
and that the difference for i' is 3431. 

10. A ship sailing due north observes two lighthouses bearing re- 
spectively N.E. and N.N.E. After sailing 20 miles the lighthouses are 
seen to be in a line due east. 
Having given 

log2= -3010300, log 11-715= 1-0687423, 

L tan 22° 30' = 9-6172243, logii-7i6= 1-0687794, 

find the distance in'miles between the lighthouses accurately to four places 
of decimals. 



FURTHER EXAMINATION. 



V. PURE MATHEMATICS (i). 

[Full marks may be gained by doing about three-fourths of this paper. Great 
importance will be attached to accuracy in results. ] 

1. Draw a straight line perpendicular to a given plane from a given 
point without it. 

What is the locus of the points which are equidistant from two given 
planes ? 

2. If two straight lines be cut by parallel planes, they shall be cut in 
the same ratio. 



FURTHER EXAM. PURE MATHEMATICS. [July, 1885 

If a tetrahedron be cut by a plane parallel to two edges which do not 
meet, prove that the section is a parallelogram, and that its area is greatest 
when it bisects the other edges. 

3. Define a pyramid and a regular pyramid. 

How many regular pyramids can be constructed, the faces of which 
are equal equilateral triangles? 

4. Prove that the section of a right circular cylinder by a plane is 
either a circle, an ellipse, or two parallel straight lines. If the section be 
an ellipse, prove that its foci are the points of contact of the two spheres 
which can be inscribed in the cylinder so as to touch the plane of the 
section, 

5. If FN be the ordinate of a point /" of a parabola, of which A is the 
vertex, and 5' the focus, prove that 

Pm = i,AS. AN. 
If QQ be a double ordinate of a parabola, and if FD be a straight line 
drawn parallel to the axis from a point P of the curve, and meeting QQ in 
D, prove that 

QD , DQ ^ ^S . PD. 

6. If the tangent at a point P of an ellipse meet the axis major in T 
and the axis minor in t, prove that 

CN. CT= AC\ and FN. Ct = BC^. 

7. There are two equal fixed circles in a plane, which do not intersect 
each other. Prove that the locus of the centres of the circles which can be 
drawn touching the two circles consists of a straight line and a hyperbola, 
the transverse axis of which is equal to the diameter of either circle, and 
that its eccentricity is the ratio of the distance between the centres to the 
diameter. 

8. \l[x,y), (p^ ,y) be the coordinates of two points, find an expres.sion 
for the distance between the points (l) when the axes are rectangular, 
(2) when the axes are inclined to each other at the angle u. 

Find the position of the centre of the circle circumscribing the triangle, 
the coordinates of whose angular points are (2, 3), (3, 4), (6, 8), the axes 
being rectangular. 

9. Find the polar equation of a circle, the pole being a point on the 
circumference. is one of the points of intersection of two fixed circles, 
and OFQ is a straight line through 0, meeting one circle in P and the 
other in Q ; find the locus of the middle point of the line FQ. 

9 
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10. Find the equation of the normal at any point of a parabola, and 
show that it can be put into the form 

y = mx - 2am - anfi. 

11. Define the eccentric angle at a point of an ellipse, and write down 
the equation of the tangent at the point in terms of the eccentric angle. 

If CP, CD be conjugate semi-diameters of an ellipse, and if be the 
eccentric angle of the point P, find the equation of PD. 

If ^ be the inclination of PD to the major axis, prove that 
a tan ^ = i5 tan ( ^ — — ) . 

12. Trace the curve represented by the equation ifi- y^-c?, and find 
the value of c in order that the line, y = mx + c, may be a tangent to the 
curve. 

Prove that the locus of the point of intersection of tangents to the 
curve, which are inclined to each other at the angle of 45°, is the curve 
{x^ +ff = 4a2(fl2 +y _ ^2). 

13. Find the condition that the general equation of the second degree 
may represent a parabola, and interpret the equation 

SIX + 'Jy = ija. 
Find the locus of the middle points of the chords of this curve which 
are parallel to the line x sin 6 =ycos 8. 



VI. PURE MATHEMATICS (2). 
IGreai importance will be attached to accuracy in results.] 

I. Find the coefficient of the middle term of (i+x+x^y, and prove 
that if each term, of the coefficients be squared, the result will be the 
coefficient of the middle term of (i +x+x^)^. 



2. Show that if m be any positive integer, 

f I +- V is < f I +-J^X^^, and that 
\ mj \ m+i) 



m-l 
2™ - I is > TO . 2 2 . 



3. If n Arithmetic and n Harmonic means be inserted between a and 
b, and a series of n terms be formed by dividing each Arithmetic by the 
corresponding Harmonic mean, prove that the sum of the series is 



y « + 1 (sab j 



FURTHER EXAM. PURE MATHEMATICS. [July, 1885 

4. Prove that every convergent is nearer to the continued fraction than 
any of the preceding convergents. 

^^ -Ff 7v ^^^^ *^ s^""e fifst convergents S Pji^ the difference 

G C qx In 

F_P_. ,J^ 

5. Define, and find the sum of n terms of a recurring series. 
Sum the series ^ + 3x2 + 5^ + etc. , to n terms. 

6. Prove that 

( 1 ) sin*e + 2 cos a sin^S cos^S + cos^fl = I - |sin - sin zbV. 

(2) If « = cot"^\/cos o-tan"i\/cos o, prove that sin « = tan^- 

2 

and eliminate 6 iirom the equations 

X = a cos 5+^ cos 29, 
;^ = a sin 9 + 15 sin 2d. 

7. Expand the sine and cosine of an angle in terms of its circular 
measure. If a, /S, 7 are the angles of a triangle, and a, b, c the sides 

opposite to them, and 7 nearly = ir, prove that a + ^ = nearly. 

8. Expand 6 in powers of tan 6, and hence derive a rapidly converging 
series for determining the value of ir. 

9. If cos/5 + cos ?9 = o, prove that the different values of 9 form two 

Arithmetical Progressions in which the common differences are — ^ and 

p+q 

respectively. 

p-q 

10. State the relations between the coefficients and the roots of an 
algebraic equation. If the roots of the equation 3fi+px^+qx + r = o be 

a. b, and c, form the equation of which the roots are ■; — , , -. 

b-Vc c + a a+b 

11. Two roots of the following equation are equal, find all the roots : 

x?-Tx^+i6x-lz = 0. 

12. Prove that the numerically greatest negative coefficient increased 
by unity is a superior limit of the positive roots of an equation which is in 
its simplest form. 



WOOLWICH ENTRANCE EXAMINATION, 



VII. PURE MATHEMATICS (3). 

\_FuU marks will be given for correct answers to about two-third's of this 
paper. Great importance will be attached to accuracy in results. '\ 



I. Differentiate 



-(S)" 



2. Prove the formula for differentiating y = uv, where «, v are given 
functions of x : and apply it to find the differential coefficient of ^ when n 
is an integer, 

3. Find the «th differential coefficient of log x. 

4. Expand log(i +e°^) by powers of ;i: as far as x^. 

5. How may it be ascertained whether a given function f(x) con- 
tinually increases, as x increases from a given value a to a given value b ? 

Show that the fiinction 

xsiax + cos X + cos^;ir 
continually diminishes as x increases from o to 90°. 



6. Find the least possible value of - 



x+c 



7. Trace the curve J/ = ;i;-;i;'. Has it a point of inflexion? If a line 
be drawn from the origin to an infinitely distant point on the curve, what 
is the direction of this line ? 

8. Find the radius of curvature of the curve 

y = X — sin x 

at the origin ; also at the point where x=-. 

2 

9. Find the equation of the tangent at a given point on the curve 

x^+y* = a*. 
What relation will hold between a, j3, the portions intercepted on the 
axes by this tangent, whatever be the point of contact ? 

dx 

10. Integrate ,; cos^j;(&: e^dx. 

^ l+x + x' ' 

1 1 . Integrate sin " ^x dx. 

12. Reduce the integral j x^cosxdx to theform fx^'-^cosxclx. 

12 



FURTHER EXAMINATION. STATICS. [July, 1885 

1 3. Find the limit of the series 

1+-^+-!-+ J- 

n n+i « + 2 2« 

when n increases indefinitely. 

14. Show that in the curve 

2;)/ = ?' + ^-^ 

the area between the ordinates at any two points A, B varies as the 
arc AB. 



VIII. STATICS. 
[Great importance will be attached to accuracy. ^ 

1. State the proposition known as the parallelogram of forces. If the 
forces are incommensurable, give a demonstration to prove the proposition 
so far as the direction of the resultant is concerned. 

A uniform plane lamina in the form of a rhombus, one of whose angles 
is 120°, is supported by two forces applied at the centre in the direction of 
the diagonals, so that one side of the rhombus is horizontal ; show that if 
P and Q be the forces, P being the greater, P^ = Z<^. 

2. If any number of forces acting on a particle can be represented in 
magnitude and direction by the sides of a polygon taken in order they will 
keep the particle in equilibrium. 

Show that if a particle, placed in the centre of a regular polygon, be 
acted on by forces represented by the lines drawn from the particle to each 
of the angles it will be at rest. 

3. Any system of forces acting in one plane on a rigid body may in 
general be reduced to a single couple and a single force acting at a given 
point of the plane, the given point being also the extremity of the arm of 
the resultant couple. 

A square is acted on by forces 2, 4, 6, 8, taken in order along its sides ; 
find the resultant and the resultant couple of these forces, if the centre of 
the square be taken for the given point. 

4. Show that the centre of gravity of the perimeter of a given triangle 
is the centre of the circle inscribed in the triangle formed by joining the 
middle points of the given triangle. 

13 
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5. In a-system of three movable pulleys in equilibrium, in which the 
strings are parallel and each is attached to the weight (usually called the 
3rd system), find the tension of the string which passes over the fixed 
pulley, the weights of the pulleys, which are all equal, being taken into 
account. 

If the weights of the pulleys are neglected and each string is attached 
to a bar which keeps horizontal, find the point in the bar from which the 
weight is suspended. 

6. Give examples of stable and unstable equilibrium. A cone and a 
hemisphere of the same material are cemented together at their common 
circular base : if they are placed on a horizontal plane, the hemisphere 
being in contact with the plane, find the height of the cone that the 
equilibrium may be neutral, it being given that the centre of gravity of 
a hemisphere divides a radius in the ratio of 3 to 5. 

7. If any number of forces act in one plane on a rigid body, state the 
three conditions of equilibrium. 

A beam whose weight is ( W) rests with its ends on two inclined planes 

whose angles of inclination are (o) and {§) ; prove that the sum of the 

pressures on the planes is 

0-8 
cos c 

W.. " 



cos^+^ 



2 

8. On what hypothesis is the relation between (/") and ( W) usually 
obtained on a screw considered as a mechanical power ? If the screw be 
rough, and {H) the sum of the normal resistances on the thread of the 
screw, ( W) the weight supported, (0) the angle of resistance, and (o) the 

pitch of the screw, obtain the equation R = Jj-S^l^, where (P) is iust 

cos (0 + 0) ' ■' 

on the point of prevailing over ( W^. 

9. The same force acting parallel to two inclined planes of 30° and 
60° inclination can just move a given weight up the plane of less inclina- 
tion, and can just prevent a weight twice as great from moving down the 
plane of greater inclination ; prove that the coefficient of friction which is 
the same for both planes is nearly ^. 

10. State the principle of "virtual velocities." If a weight (W) be 
supported in equilibrium on a smooth inclined plane by a weight (P) 
hanging vertically and passing over a fixed pulley placed in the prolonga- 
tion of the height of the plane, prove that the principle of virtual velocities 
holds good, and show that for a small displacement the centre of gravity of 
(P) and ( W) will neither ascend nor descend. 

14 



FURTHER EXAMINATION. DYNAMICS. [July, 1885 

II. A heavy ladder is placed in a given position, between a vertical 
wall and the horizontal ground, both being considered equally rough ; 
a workman of given weight ascends the ladder with a given load, show 
how to determine by a geometrical construction whether the ladder will 
slip. 



IX. DYNAMICS. 
[Great importance will be attached to accuracy.^ 

1. The measure of a certain velocity in feet per second is v ; what is it 
in miles per hour ? 

2. Two trains, each 200 feet long, are moving towards each other with 
velocities of 20 and 30 miles per hour respectively. Find the time which 
elapses from the instant when they first meet till they have completely 
cleared each other. 

3. State exactly what is meant by saying that the accelerating force of 
gravity is 32. 

In the equation F= mf, if a foot and a second are the units of space 
and time, and a weight of one pound the unit of force, what is the unit of 
mass? 

4. Two bodies which weigh 9 lbs. and 16 lbs. respectively at the 
earth's surface, are placed in space at a distance asunder of 100 feet, no 
force acting on either. If they were now to attract each other with a 
constant force equal to I lb. at all distances, find after what time they 
would meet. 

5. A body slides down a rough inclined plane 100 feet long, the sine 
of whose inclination = o-6, and coefficient of friction = \: find its velocity 
at the bottom. 

If projected up the plane with a velocity which just carries it to the top, 
find what height it would reach if thrown vertically upwards with that 
velocity. 

6. Two perfectly elastic balls whose masses are M, M', moving in 
the same direction, strike each other. If the hindmost ball is reduced to 
rest by the blow, show that its velocity must have been more than double 
that of the other. 

IS 
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7. A train runs from rest down an incline of I in 100 for a distance of 
I mile (no engine attached) : it then runs up an equal gradient with its 
acquired velocity for a distance of 500 yards before stopping. Assuming 
the principle of work, find the total resistance, frictional or other, in 
pounds per ton, which has been opposing its motion. 

8. A body is projected horizontally with a given velocity. Prove that 
it describes a parabola, and determine the position of its focus. 

9. Two bodies are projected from the same point, one later than the 
other by T seconds, so as to describe the same parabola. Show that they 
are nearest to each other when in the same horizontal line (if that is 

possible) and that this occurs at the interval of time after the 

S 2 
second body was projected. Explain what circumstances as to the data 
are required, if this be possible. 

10. Two weights, P, Q, are connected by a light string passing over a 
smooth fixed peg. Find the acceleration of the system. Mention any 
experimental use which has been made of this contrivance. 

If two equal weights F, P, are in equilibrium, connected in this way, 
and a third weight, P, is laid on one of them, find by how much the 
pressure on the peg is increased. 

11. A particle starting with a velocity u, falls down a smooth vertical 
curve of any form. State what its velocity is when it has arrived at any 
given point of the curve. 

A particle falls down a vertical circle, starting from rest at the highest 
point. If,, when at any point, its velocity be resolved into two components, 
one passing through the centre, the other through the lowest point of the 
circle, prove that the latter is of constant magnitude. 
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OBLIGATORY EXAMINATION. 



I. EUCLID (Books I.— IV. and VI.). 

\_Ordinary abbreviations may be employed ; but the method of proof must be 
geometrical. Great importance will be attached to accuracy. "l 

1. Define a right angle, and show how to draw a straight line at right 
angles to a given straight line, from a given point in the same. 

If one diagonal of a quadrilateral figure bisect the two angles at its 
extremities, it will bisect the other diagonal at right angles. 

2. If a side of any triangle be produced, the exterior angle is equal to 
the two interior and opposite angles ; and the three interior angles of every 
triangle are equal to two right angles. 

The longer sides of a parallelogram are twice as long as the shorter 
sides. Show that the straight lines joining the middle point of one of the 
longer sides with the ends of the opposite side, are perpendicular to each 
other. 

3. If a parallelogram and a triangle be on the same base and between 
the same parallels, the parallelogram shall be double of the triangle. 

4. If a straight line be divided into two equal and also into two 
unequal parts, the rectangle contained by the unequal parts, together with 
the square on the line between the points of section, is equal to the square 
on half the hne. 

„ W. P. . I B 
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If any point D be taken in the base BC of an isosceles triangle ABC, 
the rectangle under BC, CD will be equal to the difference between the 
squares on AB, AD. 

5. If any point be taken without a circle, and straight lines be drawn 
from it to the circumference, one of which passes through the centre, of 
those which fall on the concave circumference, the greatest is that which 
passes through the centre, and of the rest, that which is nearer to the one 
passing through the centre is always greater than one more remote ; but of 
those which fall on the convex circumference, the least is that between the 
point without the circle and the diameter ; and of the rest, that which is 
nearer to the least is always less than one more remote. 

Prove that the two lines which are equally inclined to the shortest line 
are equal. 

6. Define a segment of a circle, and show how to bisect its circum- 
ference. 

Prove that the straight lines joining the ends of the base of a segment 
of a circle with any point on its circumference, are equally incUned to the 
straight line passing through that point and the point of bisection of the 
circumference. 

7. About a given circle describe a triangle equiangular to a given 
triangle. 

Prove that the equilateral triangle inscribed in a circle is one-fourth of 
the equilateral triangle described about the same circle. 

8. Inscribe an equilateral and equiangular pentagon in a given circle. 

9. The sides about the equal angles of triangles which are equiangular 
to one another are proportionals. 

Prove that the diameters of the circles circumscribing the two triangles 
formed by joining the vertex with any point in the base of a given triangle 
are proportional to the sides of that triangle. 

10. If four straight lines be proportionals the similar rectilineal figures 
similarly described on them shall also be proportionals ; and if the similar 
rectihneal figures similarly described on four straight lines be proportionals, 
those straight lines shall be proportionals. 

11. If the vertical angle of a triangle be bisected by a straight line 
which also cuts the base, the rectangle contained by the sides of the 
triangle is equal to the rectangle contained by the segments of the base, 
together with the square on the straight line which bisects the angle. 
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II. ARITHMETIC. 

(Including the use of Common Logarithms.) 

\Great importance will be attached to accuracy. '\ 

1. Multiply five million forty-six thousand and one, by four thousand 
and eight ; and divide -0064 by '51863 to seven places of decimals. 

2. When is the decimal equivalent to a. vulgar fraction a terminating 
decimal, and when a circulating decimal ? Multiply together, -4, -4, and 
■0004. 

3. Find a mean proportional between 36 and 12401, and extract the 
cube root of 128 '024064, 

4. Find a servant's wages for five months three weeks six days at one 
pound seven shillings and five pence per month, reckoning seven days to a 
week, and four weeks to a month. 

5. If 2 cwts. 2 qrs. of sugar cost £1. \Qs. od., what will be the cost of 
28 lbs. 4 ozs. ? 

6. Find how many flagstones, each 5'76 ft. long and 4'i5 ft. wide, are 
requisite for paving a cloister which encloses a rectangular court 45 '77 yds. 
long and 41 '93 yds. wide : the cloister being 12 '45 ft. wide. 

7. If the carriage of 17 cwts. 3 qrs. for 7| miles cost £1. os. S^d., 
what weight should be carried 20 miles for,i6j. ^d. ? 

8. Reduce I r. 14 p. to the decimal of an acre ; and find the value of 
■05854 of a guinea. 

9. What was the average price of a quantity of cattle, of which 60 were 
bought foPp^io. l8s. 6d. each, 6ofor;^io. 16s. gd. each, 5ofor;^io. i^s. 3d. 
each, and 30 for ;^io. 12s. 6d. each ? 

10. Inhowmanymonths will;^i550. I2s.6d. amount to ;^i 580. 15^. 6id. 
at 3j per cent, per annum simple interest ? 

11. What is the difference between the simple and compound interest 
on £^750 for 3 years, at 4 per cent, per annum ? 
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12. Explain the difference between true discount and banker's discount, 
and find the difference between the two for ;^6io due in 4 months at 5 per 



1 3. What was the cost price of an article which was sold for ;^l. +?. 6d. 
and on which there was a profit of l6| per cent. ? 

14. Which of the following stocks is the best for investment, and which 
the worst : 3 per cents, at 83J, 3i per cents, at 9^, or 4 per cents, at 
107J ? Find the yield of ;^ioo in each. 

15. If ;£'looo 3 per cents, be sold at gij, and with the proceeds 5 per 
cent, railway stock be bought at 125, find the increase of income. 

16. Find (by duodecimals) the cost of cultivating a garden 109 ft. 6 in. 
long and 58 ft. 6 in. wide, at ^^d. per square yard. 

17. Two boats jtart for a race at 3 o'clock. The race is over at 
6| minutes after 3, the losing boat being 40 yards behind at the finish : at 
4 minutes past 3 this boat was 700 yards from the winning post. Find the 
length of the course, and the speed (supposed uniform) of each boat in 
miles per hour. 

18. If 7 rix dollars are worth 2 ducats and 9 ducats worth 4 moidores, 
and 20 moidoreS' worth £2^ : how many rix dollars are there in ;^72 ? 

19. A cistern is 6 ft. long and 5 ft. broad, and it is of such a depth 
that it would take 1440 bricks, each 9 inches long, 3 inches deep, and 
4 inches broad, to fill it : how many gallons would the cistern hold, if a 
pint of water contains 72 cubic inches ? 

20. Define a logarithm, and state the chief uses of logarithms. 

Given log 86750 = 4-947519, write down log 867 -50, log 8-6750, 
log -086750. 

21. Given log 2 = -3010300, log 3 = -4771213, find log 9, log 128, 
loga''^, iog2-4. 

22. If the logarithm of a number to base 4 is -35184, what is its 
logarithm to base 8 ? 
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III. ALGEBRA. 

(Including Equations, Progressions, Permutations and Combinations, and 
the Binomial Theorem. ) 

[N.B. — Great importance will be attached to accuracy.] 

1. Divide 2a=-SSf!*+59«f2^^IS&i= by 52-3*+,. 

12 9 8 4 3 3 4 

1- 7.)l ^ f 

2. Find the highest common factor of • 'Li ^ 

^x*-^ifi+6x-l and 6x?-Tx^+i. 
When of two algebraical expressions the h.c.f. has been found, what is 
the rule for determining their L.C.M. ? 

3. Simplify : 
ab alfi 



*'■' a + b (a+bf (a + bf 

\x-y x+yj\ I \x-y x+yj 

.... , a'^+3^ + ax(a^+x?) + aV a^ + x^ + ax 

4. , Find the square root of 

■ ,. . ga^c^ sa^+^c ^^ 2^a^c 2°a"i^ 2" . 
^'■' 4^12 —^3—+'^ * *" 3 9 ' 

(ii.) 87-121/42. 

5. Find the value of 

(i. ) (2*3 + 3**)(3*o - zh) - eha^ - b'') + zhb ; 
(ii.) (35Vio + 77\/2 + 63\/3 + 28v'iS)x(\/io-v/2-\/3)- 

6. Solve the equations 

... 3{ab-x[a + b)} , {2a + b)b^x _bx aH"' . 
^'■' ^+b '^ a{a + bf ~ a (a + bf 

(ii) /(■*^+S)(j>'+7) = (^ + 27)(;»' + l). 
^ ■' I xy=l; 

)y+z= 3xy2, 
z+x= 2xyz, 
x+y=ixyz. 

5 
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7. Divide 11 into three parts so that the ist may be -to the 2nd as \ to 
J, and the 2nd to the 3rd as i to \. 

8. Show that p and q represent respectively the siim and product of 
the roots of the equation 

ifi. -px + q = 0. * 

The area of an oblong room is 328 square feet, and its perimeter is , 

73 feet ; write down and solve the quadratic equation which gives the 
lengths of the sides of the room. 

9. \i a : b W c : d, prove that 

10. Prove the rule for expressing a given integer in any proposed 
scale. ■ ■ 

758 ■t83 cubic feet being the volume (expressed in the . duodenary scale) 
of a cube ; find the number of feet and inches in an edge of the cube. 

11. If the first and last terms of a geometrical progression of 8 terms 
be respectively o' and ^ ; find the sum of the series. 

Prove the rule for finding the value of a recurring decimal in which all 
the figures recur. 

12. Find the number of permutations (/,) of n things, taken r at a 
time. 

Show that 

(A -A)( A -A) • •■ ( A-i - A-2) = ^^^V/"-^^" - 

13. Assuming the Binomial Theorem when the exponent is a positive 
integer, prove it when the exponent is any positive quantity. 

Find the 13th term in the expansion of 

(28 + 2'.j:p . 



OBLIGATORY. PLANE TRIGONOMETRY. [Uov. 1885 

IV. PLANE TRIGONOMETRY. 

(Including the Solution of Triangles.) 

[N.B. — Great importance will be attached to accuracy.^ 

1. Define the sine and cosine of an angle, and find the values of the 
sines and cosines of 30°, of 210°, and of 930°. 

2. Trace the changes in sign and magnitude of the expressions 

(1) cos;c — sinjr. 

(2) sin (ir sin ;t:), as ^ increases from o to 2jr. 

3. If cos X = cos a, find a general expression for all the values of x. 
Solve the equations — 

cos(2^ + 3>') = i', cos(3a; + 2;c) = -^- 

4. Prove the formulae 

(i) cos(/4+5) = cos/4cos^-sin^sin^. 

(2) cos {A.+B) sin B - cos {A + C)smC = sin [A + B) cos 3 

- sin {A + C] cos C. 

(3) 4 sin 20° sin 40° sin 80° = sin 60°. 

5. ■ Prove that in any triangle ABC, 

(i) c = acosB + l>cosA. 
(2) <:« = o2 4- ^ _ 23* cos C. 

6. If S be the radius of the circle circumscribing a triangle ABC 
prove that 

2R. a _ a + * + ^ 



sin^ sin^+sin^ + sinC 
If be the centre of this circle, and R^ the radius of the circle ] 
scribing the triangle BOC, prove that 

2R1 cos A - R. 

7. Prove the formulae 

(I) tan-^a: + tan-ij/ = tan-i^-^ 



(2) tan-iJ + sin-i-T= = 4S° 



xy 
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8. If perpendiculars be drawn from the angular points of a triangle 
ABC on the opposite sides, prove that the lengths of them intercepted 
between the angular points and the orthocentre (i.e., the point of inter- 
section of the perpendiculars), are proportional respectively to cos A, 
cos ^, and cos C, and that the lengths of them intercepted between the 
orthocentre and the sides are proportional to sec A, secB, and sec C. 

9. Prove that the area of a triangle ABC is equal to J& sin A. 

If 5 = 45°, C = 6o°, and if a = 2(\/3 + i) inches, prove that the area of 
the triangle is 6 + 2iJs square inches. 

10. From each of two ships a mile apart the angle is observed which 
is subtended by the other ship and a beacon on shore ; these angles are 
found to be 52° 25' 1 5" and 75° 9' 30" respectively. 

Having given 

Z sin 75° 9' 30" -9-9852635 
Zsin 52° 25' i5" = 9'8990055 

log I -2197 = -0862530 

log 1-2198= -0862886, 

find the distances of the beacon from each of the ships, one distance exact 
a,nd the other to five places of decimals. 

11. A man who is walking on a level plain towards a tower observes 
at a certain point that the elevation of the top of the tower is 10°, and, 
after going 50 yards nearer to the tower, that the elevation is 15°. 

Having given 

L sin 15° = 9-4129962, log 25 -783?= I -41 13334, 

Zcos 5° = 9 "9983442, log 25-784= 1-4113503, 

find the height of the tower in yards to four places of decimals. 
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FURTHER EXAMINATION. 



V. PURE MATHEMATICS (i). 

\Full marks may be gained by doing about three-fourths of this paper. 
Great importance will be attached to accuracy in results. '\ 

1. Draw a straight line perpendicular to a given plane from a given 
point without it. 

Find the locus of a point in a plane such that the straight lines which 
join it to two given points at equal altitudes above the plane may be 
equally inclined to the plane. 

2. If two planes which cut one another are each of them perpendicular 
to a third plane, their line of intersection is also perpendicular to the same 
plane. 

3. Assuming that pyramids with equal bases and of equal altitudes are 
equal to one another, prove that a triangular prism may be divided into 
three equal triangular pyramids. 

Show that the altitude of a regular tetrahedron is to the length of each 
of its edges as iji : a/J. 

4. The curve formed by the intersection of the surface of a right 
circular cone with a plane, not passing thr.ough the vertex, is a parabola, 
if the inclination of the cutting plane to the axis of the cone is equal to the 
constant angle between the generating line and the axis. 

5. Draw a pair of tangents to a given parabola from a given external 
point. 

If is the external point, P, Q the points of contact, and 0' the angle 
opposite to O of the parallelogram constructed on OP, OQ: 00' is parallel 
to the axis of the parabola. 

6. In an ellipse or hyperbola, the perpendiculars from the foci on the 
tangent intersect it in points which lie on the circumference of the circle 
described on the major or transverse axis. 

Find the foci of an ellipse, whose major axis is a diameter of a given 
circle, and which touches a giveii chord of the circle at a given point 
in it. 

9 
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7. Find the length of the perpendicular from the origin upon the 
straight line which joins the points (a cos a, asino), (acos/3, asin^), and 
show that the perpendicular bisects the distance between these points. 

8. Find the equation of the tangent to the circle 

x'^+y^ + Kx+Ly + M=0, 
at a given point (x', y'). 

The equations of two circles are 

x'+y^ + Ax + £y = o, xP +y^ + Cx + £)y = 0. 
Find the locus of the point of intersection of the circles, other than the 
origin, when A- C, B- D vary proportionally. 

9. Find the polar equation of the tangent to a parabola at a given 
point, the focus being the pole. 

If the tangents at P, g to a parabola of which the focus is i' meet in T, 
show that ST^ = SP . SQ. 

10. Express the focal distances of any point on an ellipse, in terms of 
the abscissa ; and if the normal at P meets the axis major in G, show that 

PG^ = -.rr' ; a, b being the semi-axes ; r, r' the focal distances of P. 
a' 

11. A hyperbola being defined by the equations x-a sec 6, y = b tan 6, 
show that if 20 and 2j3 are the sum and difference of the values of 9 corre- 
sponding to two points on the curve, the equation of the chord joining the 
points is a~'^cos^ . ;i:-^"'sina .y = cos a. 

Prove that a chord which joins the extremities of a pair of conjugate 
diameters of a hyperbola is parallel to one of the asymptotes. 



VI. PURE MATHEMATICS (2). 
[Great importance will be attached to accuracy. "l 

1. Expand ( ' I according to the powers of ;r. 

2. Find the sum of the products, two and two, of every pair of the- 
natural numbers i, 2, 3 ... «. 
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3. In how many ways may n prizes be distributed among n boys, if 
every boy is to have a prize ? 

Prove that if n + i prizes be given away to n boys, and every boy is to 
have at least one, the number of ways in which they may be given is 

in(n+l)\n. 

4. Find X, y, z from tlie equations 

x-\-ya, +2/3 +2 = 0, 
j;+j/a2 + a;8^+3 = 0, 
x+ya? + z^+<i = 0, 
where o, j3 are the roots of the equation «■' = «+ 1. 

5. How is the logarithm of a number to any base, a, to be found from 
an ordinary table of logarithms ? 

If a number a + S exceed the base a by a very small quantity 5, prove 

that its logarithm is nearly i + — ^ . 

a logc a 

6. Given one root, a, of the equation xf^+\ =0, express the three 
remaining roots in terms of a. 

7. If a, ^, 7 be the roots of the cubic ofi+aic^-^hx+c - 0, find the 
value of the product 

(a2+|32)(a2 + 7')(/3'+7')- 

8. State Des Cartes' rule of signs. What inference may be deduced 
from it as to the roots of the equation ^■\-2x'^ + T, = o'i 

9. If 2cosa = ;c + i, prove that 2cosra = ^'" +— . 

10. Through a fixed point O within a circle any chord A OB is drawn : 
find the relation between the angles which A 0, OB subtend at the centre. 

11. What value should be given to the constant m in order that the 
formula 

tan a + ?« sin a 

a. = 

l+m 

shall be the best approximation to the circular measure of a small angle a, 

in terms of its sine and tangent ? 

12. Find a symmetrical relation between the cosines of three angles, 
A, B, C whose sum is 180°. 
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VII. PURE MATHEMATICS (3). 

\_Full marks may be obtained for about two-thirds of this paper. Great 
importance will be attached to accuracy in results. '\ 

1. Differentiate with regard to x the expressions : 

—^, tan '_^,, and log^^,. 

2. liy = tf*"cos4jr, find -f-, and prove that, if tan = ^, 

ax 

^=S'-^cos(4^+/-0). 
ax^ 

Find the general term in the expansion, by Maclaurin's theorem, of 
^ cos 4x in powers of x. 

3. Find the maximum value and the minimum value of the expression, 

X^- I2Jt + 24. 

Find also the values of x which make the expression, 
(2 - 2x) sin a - cos {2x - a), 
a maximum or a minimum. , 

4. Find the equations of the tangent and normal at the point [x, y) of 
the curve 

x^+y' = 2 A 

If a and ;8 be the distances from the origin of the points where the 
tangent cuts the axes of x and y, prove that 

Prove also that the normal at the point {c, c) passes through the origin. 



5. Prove that, at a point of inflexion on a curve, ^ changes sign. 

Find the points of inflexion of the curve 

y = ^-±{x-l)^. 
2 10 

6. If be the angle between the radius vector to any point of a curve, 

f =/(*). and the tangent at the point, prove that tan0 = ~. 

dr 

If the curve be ?■ = a (i -cos d), prove that 20 = 6, and that. Up be the 
perpendicular from the origin upon the tangent, r' = zapfi. 



-■-■"S. [Nov. 1885 



7- Trace the curves 

(1) J' = (^-l)(;c2-4); 

(2) r = a sin 39. 

8. Find the radius of curvature of the curve 

at the origin, and also at the point (a, a). 

9. Integrate with regard to x the expressions 

^'^ JTI' *^^ {x+i)(x + 2)' ^3) ^/p^- 

10. Explain the- method of integration by parts, and integrate with 
regard to x the expressions 

e^cosa: and .arlog(.»+i). 

1 1. Find the limiting value of the sum of the series 

i/sin^ + sin?I + sin3^+ +sin'"-"'^'l 

n\ 2n 2« 2« 2» J 

when » is increased indefinitely. 

12. Find the areas enclosed by the curves : 

(r) ay = xslc^-x^, (2) ?' = flsin39. 



VIII. STATICS. 



\_FuU marks may be gained by correctly answering three-quarters of this 
paper. Great importance is attached to accuracy. '[ 

1. Three forces acting at a point make equilibrium. If they make 
angles of lzo° with each other, prove that they are equal. If the angle? 
are 60°, 150°, 150°, in what proportions are the forces? 

2. Two given forces meet at a point. Find in what direction a third 
force of given magnitude must act at the point, if the resultant of the three 
is the greatest possible. 

13 
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3. State the conditions necessary for equilibrium for any system of 
forces acting in one plane on a rigid body. 

If the rigid body have one point fixed, what is necessary for equilibrium ? 
What, if it have two points fixed ? 

4. The door of a room is open : determine (as far as possible) the 
forces which it exerts upon its two hinges ; given all the dimensions, and 
its weight. 

5. Two given forces act at two given points : if they are turned round 
those points in the same direction through any two equal angles, show that 
their resultant will always pass through a fixed point. 

Extend this theorem to any number of forces, 

6. A uniform bar AB 10 feet long and weighing 50 lbs. rests on the 
ground. If a weight of 100 lbs. be laid on it at a point distant 3 feet from 
B, find what vertical force applied at the end A will just begin to lift 
that end. 

7. Prove in any way that a couple cannot be balanced by a single 
force. If it be balanced by two forces, what is necessary with regard to 
them ? 

8. A heavy horizontal circular ring rests on three supports at the 
points A, B, C of its circumference. Given its weight, and the sides and 
angles of the triangle ABC, find the pressure on the supports. 

9. Two inclined planes have a common vertex and equal slopes ; one 
is smooth and the other rough. A given weight W is supported on one by 
a string passing over the vertex and attached to another weight resting on 
the other plane ; this weight being just sufficient to prevent W descending. ■ 
Prove that the weight required is less when W is on the rough plane, than 
when it is on the smooth one. 

10. Four equal heavy bars are jointed so as to form a rhombus ABCD : 
A and C are joined by a string. The whole is suspended from the angle A ; 
find the tension of the string, by means of the principle of Virtual Velocities 
(or otherwise). 

11. If the resultant of any systems of parallel forces in one plane acts 
outside the two extreme forces of the system, show that some must act in 
an opposite sense to others. 

A heavy bar lies on a rough floor : a horizontal force, too small to move 
it, is applied at one end, at right angles to the bar; desciihe £eneraliy the 
forces which have been called into operation to prevent motion ensuing, 

14 
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12. A circle is pushed over an equal circle till it completely covers it. 
Find the centre of gravity of the crescent-shaped space left uncovered just 
before they coincide. 

13. A heavy rectangular block A BCD rests with AB on the ground ; 
a rope is attached to the corner C and pulled round a fixed pulley P 
vertically over D till motion ensues. Give a geometrical construction 
determining the least height for the pulley P, if the block is to begin to 
revolve round A without slipping along the ground (given all particular's). 



IX. DYNAMICS. 



[Great importance will be attached to accuracy. "l 
[If needed, the measure of the force of gravity may be taken as ^2 feet,] 

1. A body moves in any direction in a vertical plane: given the 
horizontal and vertical velocities at any instant, show how to find the 
actual velocity of the body, and the direction in which it is moving, 

A body describes uniformly a vertical circle, whose radius is 1 2 inches, 
in 6 seconds, and the centre of the circle moves uniformly in a horizontal 
line with the same velocity : show how to find the true velocity of the body 
whenever its direction is inclined at 45° to the horizon. 

2. State the first law of motion, and the evidence on which it is 
accepted. 

In an observed case of a body in uniform motion, are we to infer that 
no force acts on the body ? Illustrate this by example. 

3. How is uniform force measured ? If a body be acted upon by a 
uniform force, and be initially projected in the direction of that force wdth 
a velocity (u), and if it acquire a velocity (&) in (t) seconds, prove that {s) 

the space described may be determined by the equation s = t\u + --j. 

A train at the foot of an incline is moving at the rate of 60 miles an 
hour ; the steam is suddenly turned off, and it then runs on the horizontal 
plane for 3^ miles before it stops ; if friction be the constant retarding 
force, find its measure. Determine also the space the train describes in 
three minutes from the instant the steam is turned off. 

4. A body slides down a rough inclined plane, show that the accelera- 
tion is p..^'"""'^ where (<f>) is the limiting angle of resistance. 

COS0 
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If the height of the inclined plane be 12 feet, the base 16 feet, find how 
far a body will move on the horizontal plane after sliding down from rest 
the length of the inclined plane, supposing it to pass from one plane to the 
other without loss of velocity, the coefficient of friction for both planes 
being J. 

£. In the case of a projectile in vacuo, find the direction of the 
projectile with respect to the horizon at any point of its course. 

If {$) be the angle of elevation at which a projectile strikes a given 
mark, (a) the angle of projection, and (45°) the angle which the given 
mark subtends at point of projection, prove tan a + tan 6 = 2. 

6. State the law of motion that connects the statical and dynamical 
measures of force. Obtain the equation from which that connexion is 
shown, and explain the units of reference in that equation. 

A body weighing 36 lbs. is moved by a constant pressure, which 
generates in it a velocity of 8 feet per second, find the statical measure of 
that pressure. 

7. A ball is projected vertically upwards with a velocity of 160 feet 
per second, when it has reached its greatest height it is met in direct 
impact by an equal ball which has fallen through 64 feet ; find the times 
from the instant of impact in which the balls reach the ground, the 
elasticity between them being J. 

8. Assuming the expression for the time of a small oscillation of a 
pendulum in a circular arc, calculate to two decimal places the length of a 
second's pendulum in inches. 

A simple pendulum beating seconds is lengthened by ^ of an inch ; 
find the number of seconds it will lose in 24 hours. 

9. A string 4 feet long can just support a weight of 9 lbs. without 
breaking, a weight of 8 lbs. fixed to one end of the string describes a circle 
uniformly round the other end, which is fixed on a smooth horizontal 
table ; determine the greatest number of revolutions the revolving weight 
can make in a minute so as just not to break the string. 

10. Determine the time of a small oscillation in a cycloid. 

11. Show how to find the work accumulated in a moving body. 

A bullet with an initial velocity of 1500 feet strikes a target 1200 yards 
distant with a velocity of goo feet in a second, the range of the bullet being 
assumed to be horizontal ; compare the mean resistance of the air with the 
weight of the bullet. 

16 
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OBLIGATORY EXAMINATION. 



I. EUCLID (Books I.— IV. and VI.). 

[Ordinary abbreviations- may be employed ; but the method of proof must be 
geometrical. Great importance ■will be attached to accuracy. 1 

1. Any two sides of a triangle are together greater than the third. 

Prove that the shortest line, which can be drawn with its ends upon the 
circumferences of two concentric circles, will, when produced, pass through 
the centre. 

2. Prove one case of the following proposition : — 

If two triangles have two angles of the one equal to two angles of the 
other, each to each ; and one side equal to one side, viz. , either the sides 
adjacent to the equal angles in each, or sides which are opposite to equal 
angles in'each ; then shall the other sides be equal, each to each ; and also 
the third angle of the one equal to the third angle of the other. 

The vertical angle A of theisosceles triangle ABC is half a right angle, 
and the perpendiculars AD, BE let fall from A, B upon the opposite sides 
intersect in F. Show that FE is equal to EC. 

3. Describe a parallelogram that shall be equal to a given triangle, 
and have one of its angles equal to a given angle. 

W. P. I C 
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4. If a straight line be divided into any two parts, the rectangle con- 
tained by the whole and one of the parts is equal to the rectangle contained 
by the two parts, together with the square on the aforesaid part. 

5. Divide a given straight line into two parts, so that the rectangle 
contained by the whole and one of the parts may be equal to the square on 
the other part. 

Describe a right-angled triangle such that the rectangle contained by 
the hypotenuse and one of the sides containing the right angle may be 
equal to the square on the other side. 

6. Find the centre of a given circle. 

Describe a circle of given radius passing through a given point, and 
touching a given straight line. 

When is this construction impossible ? 

7. In equal circles, the arcs on which equal angles stand are equal to 
one another, whether the angles be at the centres or circumferences. 

The tangent at A to the circle circumscribing the triangle ABCcais BC 
produced in D, and ^ C produced cuts the circumference of the circle cir- 
cumscribing the triangle ABD in E. Prove that AD is equal to DE. 

8. Inscribe an equilateral and equiangular hexagon in a given circle. 
1{ ABCDEEhe a regular hexagon, and AC, ^^ intersect in G, show 

that EG is three times as long as BG. 

9. Find a mean proportional between two given straight lines. 

The straight line bisecting at right angles A C, one of the equal sides of 
an isosceles triangle, meets the base AB produced in £>. Show that ^Cis 
a mean proportional between AB, AD. 

10. Define similar polygons, and prove that they can be divided into 
the same number of similar triangles, having the same ratio to one another 
that the polygons have. 

11. If the vertical angle of a triangle be bisected by a straight line 
which also cuts the base, the rectangle contained by the sides of the 
triangle is equal to the rectangle contained by the segments of the base, 
together with the square on the straight line which bisects the angle. 



OBLIGATORY. ARITHMETIC. [June, 1886 

II. ARITHMETIC. 
{Great importance is attached to accuracy.^ 

1. Multiply one million one thousand and one by one hundred thou- 
sand one hundred, and express the result in words. 

2. Divide 99'99 by '001 1, and reduce - " to its simplest form. 

3. Add together ^'175. 17^. dd., five hundred guineas, eighty-seven 
half-crowns, and i, 143 four-penny pieces. 

4. If a person buys i cwt. 2 qrs. 15 lbs. of goods for £2. ^s. e^d. per 
cwt., what must he sell it for per cwt. in order to gain ;^6-88i25 on the 
transaction ? 

5. Find the value of 

■54 of %s. 3d. + ■oi.'j of £2. 15^. -1- -3125 of £2. 2s. 

6. If the wages of 45 women amount to ;^207 in 48 days, how many 
men must work 16 days to receive £76. ly. 4d., the daily wages of a man 
being double those of a woman ? 

7. Find the square root of '02010724 and the cube root of 24137569. 

8. What sum will amount to £S9- I2j. 6d. in 16 months at 4J per 
cent, per annum simple interest ? 

9. Find the discount on ;^663. 17s. od. due six months hence at 4 per 
cent. 

10. What principal lent out at compound interest for 2 years at 5 per 
cent, will amount to ;^7425. 6s. gd. ? 

11. A person sells his property for ^^27,118, the rental of which is 
;^90o; he invests ;^48i8 in 3 per cents, at loof, ;^24So in Greek securities 
at 50, 5 per cent., and ^19,850 in New Zealand 4 per cent, at 99i ; find 
the increase of his income. 

12. Find, by means of duodecimals, the number of feet of glass in a 
window which measures 7 feet lof inches by 4 feet 74 inches. 

13. Find the number of gallons in a cylindrical vessel whose diameter 
is 6 feet, and height 7 feet. Given that the area of a circle equals Y- times 
the square of the radius, and that a gallon is equal to 277-2 cubic inches. 
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14. An empty cistern has three pipes, A, B and C. A and B can fill 
it in three and four hours respectively, and C can empty it in one hour. If 
these pipes be opened in order at i, 2 and 3 o'clock, find when the cistern 
will be empty. 

15. A grocer mixes 17 lbs. of tea worth 4-r. with 25 lbs. worth 4J. %d., 
and sells the whole at Jj. 4^. per lb. ; what is his total gain and his profit 
per cent.? 

16. A rectangular piece of ground 6 furlongs long and 4 furlongs 
broad is divided into four smaller rectangles by a belt 200 feet wide round 
the outside boundary, the inner part being divided by a road 60 feet wide 
in the direction of the length, and a cross-road 41 feet wide in the direction 
of the breadth. Find the area of the four rectangles in acres. 

17. Reduce 2 lbs. 7 oz. 3 dwt. 15 grains troy to the decimal of a lb., 
and express 3 miles 7 furlongs 12 poles in French metres. A metre equals. 
39-371 inches. 

18. Why must the decimal equivalent to \ recur? Find it, and the 
value of I '683 lb. of gold, when it is worth ;£^4'Q09$ per ounce. 

19. In Reamur's thermometer the freezing point is zero, and the 
boiling point 80; and in Fahrenheit's the former is 32 and the latter 212. 
What degree of Fahrenheit's corresponds to 9 of Reaumur ? 

20. What would be the logarithm of 180 if the base were 12 ? 

log2 = -30103 and log3 = -4771213. 

21. Given the mantissae of the logarithms of the following numbers: — 
2289, 343, 1092, 854, 855677, to be -3596458, -5352941. -0382226, •9314579. 
-9323102. Find the value of 

\'2289 X 343 X 1092 X 854. 



OBLIGATORY. ALGEBRA. [June, 1886 

, III. ALGEBRA. 

\Great importance is attached to accuracy.'] 

Reduce each of the following expressions to its simplest form : — 

... X I 2xy-3fi ^ 

j(^+y^-xy x+y a^+j/* ' 

... . a + b a + c b + c 



ab + c^ — ac — bc ac + b'^ — ab — bc bc+a^ — ab — ac 
(observing that the denominators of these fractions may be written in 
factors). 

.... . x^ 

(ill-) 



9 4 2 

•^ X X^ 



2. Divide 

x^+)^ by x'^+y^-i>f2,xy; and x^+j^+T^xy-l by x+y-l. 

3. If z^ = x^+y'^ find the simplest form of 

i>l(x +y + z){x +y ~z){z+x-y){y+z-x). 

4. Solve the equations 

(i.) ija -x + sjb-x + ijc-x = J a + b + c-x. 

x{x~l) ^ (x + 3){x + 4) 
^"•' (x+i){x + 2) {x+s){x+6y 

5. If o and j8 be the roots of the equation 

ax^+bx + c = o, 
determine the equation whose roots are 

- and c 
^ a 

6. The siim of two numbers is 12, and the sum of their fourth powers 
is 3026 ; find the numbers. 

7. If x' : y : s' = xy : xfi : yz, prove that 

x:y:z = x^y' : x"^ : y'^. 

8. A rectangular enclosure is half an acre in area, and its perimeter is 
201 yards ; find the lengths of its sides. 

9. The sum of 10 terms of an arithmetical series is 145, and the sum 
of its fourth and ninth terms is five times the third term ; determine the 
series. 

s 
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10. If a series of numbers be in arithmetical progression, prove that 
their reciprocals are in harmonical progression. 

The first two terms of a harmonic series are 4 and f, find its ninth 
term. 

11. Find the coefficient oiofi in the expression 
L 1.2 1.2.3.4 1.2.3.4.5.6J 

L'* 1. 2.3''" 1. 2. 3. 4. sJ' 

and the coefficient of x in the expansion of (i+x)~^ by the Binomial 
theorem. 

12. Find how many arrangements of letters can be formed with S 
unlike consonants and 4 unlike vowels, if each arrangement contains 3 
consonants and 2 vowels ; and prove the general theorem on which the 
result depends. 



IV. PLANE TRIGONOMETRY. 

(Including the Solution of Triangles.) 

[N.B. — Great importance will be attached to accuracy.'^ 

1. State the greatest and least values of (i) the cosine (2) the secant of 
an angle ; also to what angles these values respectively belong. 

Show how to draw geometrically an angle whose secant = 3. 

2. State and prove the formula expressing sin ^+ sin ^ as a product; 
and show that the arithmetical mean of the sines of two angles is very 
nearly equal to the sine of the arithmetical mean of the angles, if the angles 
are nearly equal to each other. 

3. Find an angle whose sine = - sin A, and whose cosine = - cos ^. 

4. Find the greatest possible value of sin x + cos x. 

5. Prove that tan-V+tan-i^^ = tan-'-^il^. 

•'1-/2 1-3^2 

6. Prove the formula for a plane tWngle 

/■y(j-g) 



>4C=^: 



ab 
6 
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7. Given in a triangle a - 250, b = 240, A = 72° 4' 48", find the angles 
B, C. State whether they can have more than one value each. 

Given log 2'S = -3979400 log sin 72° 4' = 9"9783702 

log 2 -4 = -3802 112 log sin 72° 5' = 9 -9784 1 1 1 

log sin 65° S9' =9'96o6739. 

8. Prove that in a triangle 

cos i{A -B) _a + i 
cosi(A+B)~~ 

9. If in a triangle the bisector of the base, 0; is perpendicular to the 
side i, prove that 2 tan A + tan C = 0. 

' 10. If /^ are the perpendiculars from A, B on any arbitrary line drawn 
through the vertex C of a triangle, prove that 

aY + iY - 2«*i>? cos C = a^dHia' C. 

11. Explain what measurements have to be made at two stations A 
and B, in order t9 find the distance CD between two inaccessible objects, 
ABCD being in one plane : and state clearly the steps of the calculation 
by which the distance is to be found therefrom. 

12. If in a triangle C = 60°, prove that 

I I _ 3 

a+c b+c a+b+c 



WOOLWICH ENTRANCE EXAMINATION. 



FURTHER EXAMINATION. 



V. PURE MATHEMATICS (i). 



[/« answering the questions on Geometry ordinary abbremations may be 
employed, but the method must be geometrical. Full marks may be 
gained by answering correctly about three-fourths of this paper. Great 
importance -uiill be attached to accuracy.^ 

1. If a straight line be at right angles to a plane, every plane which 
passes through it shall be at right angles to the plane. 

If CD be at right angles to a plane which it meets in D, AB be any 
straight line in that plane, DM in the same plane perpendicular to AB, 
then any line drawn from M to the line CD is perpendicular to AB. 

2. Prove that every solid angle is contained by plane angles which are 
together less than four right angles. Hence show that there are only five 
ways of forming a solid angle by the plane angles of the same regular 
rectilineal figure. 

3. If a perpendicular be drawn from an angle of a regular tetrahedron 
upon the opposite triangular base, show that the 'foot of the perpendicular 
will divide either of the lines drawn from an angle of the base to the point 
of bisection of the opposite side in the ratio of 2 to i. 

4. If a right cone be cut by a plane, examine when the intersection 
of the cutting plane with the surface of the cone will be an ellipse, and find 
the positions of the foci of the ellipse for a given section. 

5. Show when ay' + zcxy+bx^ = represents two real, and different 
straight lines, and point out when it fails to do so. Show that the 
equations to the straight lines bisecting the angles between the lines 
represented by the above given equation may be expressed thus 

jfl -y^ _ xy 
b-a c' 

6. Show how to change the axes of rectangular coordinates to another 
rectangular system inclined at a given angle to the former and having the 
same origin. Show how the curve represented by 3x'+2xy + 3y'' = i may 
be determined by turning the axes through 45° in the same plane. 

8 
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7. If from a given point without a parabola tangents be drawn to the 
parabola, show that these tangents will subtend equal angles at the focus. 
Prove also that the directrix touches all circles described on focal chords as 
diameters. 

8. In an ellipse prove that the normal at any point bisects the interior 
angle between the focal distances at that point, and that the focal distances 
make equal angles with the tangent. 

If S and H be the foci of an ellipse, P any point in the curve, show that 

the ratio of tan : tan is independent of the eccentricity of the 

2 2 

ellipse, supposing the abscissa of /"and major axis unchanged. 

9. Define the polar of a point with respect to a circle, ellipse, or 
hyperbola ; find its equation with respect to an ellipse when the point 
is without the curve, and show that the equation obtained represents the 
locus of the intersection of tangents drawn at the extremities of chords 
passing through a given point. 

10. Assuming the ordinary rectangular equation to an hyperbola, find 
its equation referred to its asymptotes as axes. Prove that the portion of 
the tangent drawn at any point of an hyperbola intercepted by the 
asymptotes is bisected at the point of contact. 

11. An angle of a cube is cut off by a plane w^hich intersects the edges 
at distances (a) {b) (c) from the angle ; if (a) be the angle of inclination of 
the cutting plane to the face of the cube, which is perpendicular to c, prove 

tan a = —nja^+fi. Hence prove also 
ab 

(cos af + (cos /3)2 + (cos 7)^ = I, 

where (^) and (7) are the angles which the cutting plane makes with the 
other two plane faces of the cube respectively. 



WOOL WICH ENTRANCE EXAMINA TION. 



VI. PURE MATHEMATICS (2). 

[Great importance will be attached to accuracy. Full marks may be 
obtained by answering three-fourths of this paper.l 

1. Prove that, if x is any real quantity, jc + i is never less than 2, 

X 

and find the least value oi x+ 

X- 2 

2. If o, b, and c be positive quantities in harmonic progression, prove 
that a + c\% greater than 2b, and that 0" + ^* is greater than 2*". 

3. Expand — in ascending powers of x, and find the 

(I —2,x)\\ — 3-^) 

coefficient of jc". 

4. Find the sums of the series 

(I) I. 2 + 2. .3 + 3. 4+ , 



(2) _L+_i_+_L + , 

1.22.33.4 

each of n terms, and (2) to infinity. 

5. Find all the positive integral solutions of the equation 

6. Reckoning compound interest, find an expression for the present 
value of a sum of M pounds due n years hence, at a given rate of interest. 

Having given log 2 = -3010300 and log 103 = 2-0128372, find how many 
years will elapse before a sum of money doubles itself at 3 per cent, per 
annum compound interest. 

7. If Kr represent the number of combinations of n things taken ;• 
together, prove that 

(«+!),= »r+«>— ]■ 

8. Find the number of different throws which can be made (i) with 
two ordinary dice, (2) with n ordinary dice. 

9. Prove that for all values of n, 

(cos B + sf -1 sin $)" = cos n$ + V^-Tsin nB. 
10 
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If jrr = cos— , +s/ - I sin^, prove that, the product being continued 
to infinity, 

X-t ■ Xn * Xo • Xa ... — COS TTm 

10. Find the exponential expressions for the sine and cosine of an 
angle. 

If log (l + V - I tan a) = i4 + BiJ - I, prove that .<4 = logseco, and 
find .5. 

11. Prove that, in an equation with real coefficients, imaginary roots 
occur in pairs. 

Having given that 2 + \/- 3 is a root of the equation 

find all its roots. 

12. Explain Cardan's method of solving a cubic equation, and apply it 
to find, to two places of decimals, an approximate value of the real root of 
the equation 

jt:' + 6x - 6 = o. 



VII. PURE MATHEMATICS (3). 
{Full marks may be obtained for about three-fourths of this pafer.'\ 

1. Differentiate the expressions 

. .-, X ,' /i -cos^ . 

sm ^ , , log a/ , x^. 

ijl+sfi \ i + cosx 

2. If« = sin"% prove that 

(I ^,___3^__+_. 

3. Prove Maclaurin's theorem, and apply it to the expansions of sinx, 
and of cos^, in ascending powers of x. 

4. Find the minimum value of ^ + ^+9 ^nd the maximum or 
^ 1 + 3^ 

minimum values of a sin jc + 15 sin 2x. 

5. Find the equation of the tangent at any point on the curve 

II 
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and prove that the portion of the tangent intercepted between the coordi- 
nate axes is of constant length. 

6. If/ be the perpendicular from the origin on the tangent to a curve 
at a point whose radius vector is r, prove that the radius of curvature at 

the point is r—. 
dp 

Apply this to determine the length of the radius of curvature at any 
point on a parabola. 

7. Trace the curve ?- = a cos 49 + 15 sin 49, and find its entire area. 

8. Determine the asymptotes to the curve 

^ + Z^y + ^^^3^ + 3'2-^J' + 2flj^ — 2a' = o. 

9. Integrate the expressions 

wc?;x<:o^xdx, o?\ogxdx, —-^. 

10. Find the values of any two of the definite integrals 

r dx fi dx A . ^ 

h i + 2xcoso+^2' h 4^+^!^ Jo s"i" •^'^■»--- 

11. Prove that the whole area of a cycloid is three times that of its 
generating circle. 

12. Rectify eMer of the curves 

(1) «/ = ^, 

(2) x^+ji^ = a^. 
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VIII. STATICS. 
\_Great importance will be attached to accuracy. 1 

1. Two forces are given in magnitude, but may make any angle with 
each other. How should they be placed, so as to give (i) the greatest, 
(2) the least possible resultant ? Prove your statements. 

2. What is meant by a force resolved in a given direction ? Show 
how a force is to be resolved so that its component along a given direction 
shall have a given value. 

3. A force is given in magnitude and line of action. Give a geomet- 
rical construction for resolving it into two other forces which shall be equal 
to one another and shall pass respectively through two fixed points. 

4. Prove that any two couples of equal moments ajid opposite senses 
balance each other. (It may be assumed that the same couple can be 
transferred in its own plane in any manner without changing its effect. ) 

S- Three parallel forces act on a horizontal bar. Each is = i lb. ; the 
right-hand one acts vertically upwards, the two others vertically down- 
wards at distances 2 ft. and 3 ft. respectively from the first ; draw their 
resultant, and state exactly its magnitude and position. 

6. Draw any system of pulleys by which a weight of i lb. can be 
made to support a weight of 3 lbs. , neglecting friction and the weights of 
the pulleys. Show that, whatever may be your system, the smaller weight 
will descend through 3 ft. in raising the other through i ft. 

7. A heavy circular disc is kept at rest on a rough inclined plane by a 
string parallel to the plane and touching the circle. Show that the disc 
will slip on the plane if the coefficient of friction is less than J tan i, where 
i - slope of plane. 

8. Two equal weights each = 112 lbs. are joined by a string which is 
laid over two pulleys A, B in the same horizontal line. If a small weight, 
say I lb., is attached to the string half way between A and B, find in 
inches the depth to which it descends below the level of AS : supposing 
AB = 10 ft. 

What would happen if the weight were attached at any other point of 
the string ? 

13 
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9. If a portion m of any mass M\s moved to any new position, show 
that the centre of gravity of the entire mass is thereby moved in a direction 
parallel to the displacement of the centre of gravity of m, and over a 

distance = — D, where D — above distance between the two positions of 

the centre of gravity of m. 

A triangular piece of paper is folded across the line bisecting two sides, 
the vertex being thus brought to lie on the base. Find the centre of 
gravity of the paper in this position. 

10. Three equal particles are placed anywhere on the three sides of a 
triangle. If they are moved along those sides, in the same sense, and over 
three spaces which are proportional respectively to the sides, show that the 
centre of gravity of the particles remains at rest. 

11. Assuming the principle of virtual velocities, deduce the relation 
between the power and weight on the inclined plane ; the power being 
either ( i ) parallel to the plane or (2) horizontal. 

12. Explain what is meant by stable and unstable equilibrium, and 
give an instance of each. 



IX. DYNAMICS. 



[ The measure of the acceleration of gravity may be taken to be 32 when 
a foot and a second are units of length and time. Great importance 
will be attached to accuracy. ^ 

I. Explain how velocity is measured, and if 22 be the measure of a 
velocity when a foot and a second are units of length and time, find its 
measure when a mile and an hour are the units. 

A man, 6 feet in height, walks with the velocity of 3 miles an hour, in a 
straight line along a road, on one side of which there is a lamp-post, the 
light of the lamp being 9 feet above the ground. Find the velocity of the 
end of his shadow on' the ground. 

2. A ship, which is sailing due north at the rate of 3 miles an hour, 
observes another ship exactly east of it, which is sailing due east at the 
rate of 4 miles an hour. Find the rate at which each ship is increasing its 
distance from the other, and determine graphically the direction of motion 
of each relative to the other. 

14 
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3. Define acceleration, and explain how it is measured. 

If a point, starting with no velocity, moves with a constant acceleration 
f in the direction of its motion, and passes over the space j in the time /, 
' and if v is its velocity at the end of that time prove that 
2s =ffi, and 11^ = 2/f. 
If the point starts with the velocity «, and moving with the constant accele- 
ration y^ passes over the space s, where is the error in the statement that 
the final velocity is « + slifs ? 

4. Enunciate and explain Newton's second law of motion. 

A string passing over a. smooth pulley supports two scale-pans at its 
ends, the weight of each scale-pan being equal to the weight of one ounce. 
If a two-ounce weight be placed in one scale-pan, and a four-ounce weight 
in the other, find the acceleration of the system, the tension of the string, 
and the pressures between the weights and the scale-pans. 

5. Prove that the time of descent of a heavy particle down any chord 
of a vertical circle, starting from the highest point of the circle, is the same. 

Find the line of quickest descent from a given point to a given circle in 
the same vertical plane. 

6. Prove that the path of a projectile is a parabola, and find the 
greatest possible range on the horizontal plane through the point of projec- 
tion for a given velocity of projection. 

Show that, for any range short of the greatest, if the velocity of projec- 
tion is given, there are two directipns of projection which are equally 
inclined to the direction giving the greatest range. 

7. If a point moves uniformly, with velocity v, in a circle of radius r, 
find the direction and the measure of its acceleration. 

If a particle of mass m moves in the same circle with the same velocity, 
find the direction and magnitude of the resultant of the forces which are in 
action on the particle. 

A heavy particle, which is suspended from a fixed point by a string one 
yard in length, is raised until the string (which is kept tight) is inclined 60° 
to the vertical, and is then projected horizontally, in the direction per- 
pendicular to the vertical plane through the string ; find the velocity of 
projection that the particle may move in a horizontal circle. 

8. Find the velocity acquired by a heavy particle in sliding down a 
smooth curve. 

IS 
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A heavy particle is placed very near the highest point of a smooth 
sphere ; find where it runs o£f the sphere, and prove that the latus rectum 
of the parabola, which it then describes, is eight twenty-sevenths of the 
diameter of the sphere. 

9. Define the potential energy and the kinetic energy of a system, and 
enunciate the principle of energy. 

A straight rod A CB, without weight, has two particles of equal weight 
fastened to it, one at the end B, and the other at the middle point C, and 
the rod can swing about the end A. If it be held horizontally, and then 
allowed to swing, prove that the greatest velocity acquired by the end B 
will be the same as the velocity acquired by a particle falling freely through 
a height equal to six-fifths of the length of the rod. 

10. A cannon standing on a smooth horizontal plane is pointed hori- 
zontally and loaded with a ball, the mass of which is a given fraction of the 
mass of the gun and its carriage. Having given the velocity with which 
the ball leaves the gun when it is fired, find the velocity of recoil of 
the gun. 

If the charge of powder be quadrupled, what will be the effect on the 
velocities ? 
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OBLIGATORY EXAMINATION. 



I. EUCLID (Books I.— IV. and VI.). 

[Ordinary abbreviations may be employed ; but the method of proof must be 
geometrical. Great importance will be attached to accuracy^ 

1. If two triangles have two sides of the one equal to two sides of the 
other, each to each, and have likewise their bases equal, the angle which is 
contained by the two sides of the one shall be equal to the angle, which is 
contained by the two sides, equal to them of the other. 

2. If a side of any triangle be produced, the exterior angle is equal to 
the two interior and opposite angles ; and the three interior angles of every 
triangle are together equal to two right angles. 

The angle contained between the two lines drawn from the vertex of a 
triangle, one to bisect the base and the other perpendicular to it, is equal 
to half tlie difference of the angles at the base. 

3. The opposite sides and angles of a parallelogram are equal to one 
another, and the diameter bisects the parallelogram, that is, divides it into 
two equal parts. 

4. In every triangle the square on the side subtending an acute angle 
is less than the squares on the sides containing that angle by twice the 
rectangle contained by either of these sides, and the straight line intercepted 
between the perpendicular let fall ori.it from the opposite angle, and the 
acute angle. 

W. P. I D 



WOOLWICH ENTRANCE EXAMINATION. 

If D be the middle point of the base BC of a triangle ABC, E the foot 
of the perpendicular drawn to the base from A ; show that the rectangle 
DE, BCh half the difference of the squares on the sides of the triangle. 

5. State and prove Euclid's proposition as to the relative lengths of 
straight lines drawn from any point within a circle to the circumference. 

Two triangles ABC, DBC are on the same base BC and have their 
vertical angles, A and D, equal to one another. The angles at C being 
both acute, and the angle DCB being greater than the angle ACB, show 
that DB is greater than AB. 

6. The angle at the centre of a circle is double of the angle at the 
circumference on the same base, that is, on the same arc. 

On the base BC of a triangle ABC, which has an obtuse angle at B, 
describe another triangle equal to ABC and having its vertical angle 
double of the angle A. 

Show that the construction is impossible unless 2C+A is less than a 
right angle. 

7. If a straight line touch a circle, and from the point of contact a 
straight line be drawn cutting the circle, the angles which this line makes 
with the line touching the circle shall be equal to the angles virhich are in 
the alternate segments of the circle. 

8. Describe a square about a given circle. 

The area of a regular octagon inscribed in a circle is equal to the 
rectangle contained by the sides of the inscribed and circumscribed squares. 

9. Triangles and parallelograms of th'e same altitude are to one 
another as their bases. 

10. In any right-angled triangle, any rectilineal figure described on 
the side subtending the right angle is equal to the similar and similarly 
described figures on the sides containing the right angle. 

ABCD is a parallelogram whose side AB is divided in E so that AE is 
less than EB. CF (equal to AE] is drawn perpendicular to DC on the 
side remote from AB; and FG (equal to EB) is drawn to meet DC 
produced in G. If GE and DA meet, when produced, in H; shovir that 
the triangle HDG is equal to the parallelogram ABCD. 

11. If from the vertical angle of a triangle a straight line be drawn 
perpendicular to the base, the rectangle contained by the sides of the 
triangle is equal to the rectangle contained by the perpendicular and the 
diameter of the circle described about, the triangle. 



OBLIGATORY. ARITHMETIC. [Nov. 1886 

II. ARITHMETIC. 
[N.B. — Great importance is attached to accuracy. 1 

1. The quotient in a division is 479, the dividend is 3476418, and the 
remainder is 794 ; what is the divisor ? 

2. Find the whole cost of 20 dozen boxes of fruit at 14?. t^d. per box, 
40 dozen at 13J. 9i</., and 60 dozen at \2s, Sd. 

3. Prove from the definition of a fraction that ^ - tV = h State in 
words the rule that you deduce for the addition or subtraction of fractions 
with unlike denominators. 

4. Express in tons, cwts. , etc. , the value of 

I l&fjs cwts. + I i'St^j qrs. + 152^ lbs. + II li oz. 

5. From 5 J of -9625 subtract 3f of I '097 ; and express as a decimal in 
. -1 + -611 + "ooi . I 



its simplest form the value of - 



■41 -037 



6. Find by practice the rent of 47 acres 2 roods 36 poles 2f yards at 
^20. 3^. 4d. per acre. 

7. If 6 women and 3 boys weed ^^ of a field in 4 days, how long will 
it take 4 women and I boy to weed the rest of it, the work of 4 women 
being equal to that of 5 boys ? 

8. Find the square root of I2787ifi ; and the cube root of 112678587. 

9. Find the simple interest on ;^I024. Js. 6d. for 4 years 9 months, at 
4 per cent, per annum. 

10. Find the present value of a bill for ;^I74. is. loid. due in 128 
days, interest being at the rate of 5 per cent, per annum. 

11. How much stock at 97J must I sell out in order to realize ;^i3O0? 
And if, by investing this ;^t300 in 4i per cent, stock at 102, I increase my 
income by ;^8. 6s. Sd. per annum, what rate of interest was I receiving on 
the former stock ? 

12. Find by duodecimals the cubical content of a cistern whose internal 
dimensions are 6 ft. 6J in., S ft. 3 J in., and 4 ft. 8 in. respectively; and 
reduce the answer to cubic yards, feet, and inches. 
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13. If a man buys eggs at 10 for a shilling, and sells them at 8 for a 
shilling, what rate per cent, profit does he make on his outlay ? 

14. If 4 men can do a piece of work in 7 days, which 5 women can dO' 
in 8 days, or 7 boys can do in 10 days, how long will it take 3 men, 
2 women, and 3 boys to do the same if they work together ? 

15. Determine the weight in pounds of a box, with a lid, made of 
wood f of an inch thick and measuring externally, 4 ft. by 3 ft. by 3 ft. , 
the weight of a cubic foot of the wood being 38 "4 lbs. 

16. What length of carpet, 30 inches wrde, will be required for a 
room 17 ft. 4 in. long and 13 ft. 9 in. wide? And, if the cost of the 
carpet is ;^S- ^9^- ^-i what is the price of it per yard? 

17. If the annual increase in the population of a state is 25 per 
thousand, and the present number of inhabitants is 2,624,000, what will 
the population be in 3 years' time ? And what was it a year ago ? 

18. A man having 3 sons, left £^^6 to be divided among them in 
proportion to their ages at the time of his death ; when he died, their ages 
were 25, 22, and 21 years respectively ; what was the share of each? And 
what difference would it have made to each of the sons if the father had 
lived a year longer ? 

19. P'ind to the nearest farthing the price per lb. in English money of 
tea which costs in France 3-50 francs per kilogramme; ;i^i being equivalent 
to 25 ftancs, and i kilogramme to 2^204 lbs. 

20. Reduce x°r of a pole (linear) to the decimal of ^ of a furlong; 
and find the value of •01481 of a ton, at /^s. 6d. per lb. 

21. (i) Find from the tables supplied log 637 and log 13 ; from these 
two logarithms determine log 7. 

(2) Find from the tables supplied log 12 and log 18 ; from these 
two logarithms determine log 2 and log 3. 

22. Find by aid of the tables the value of 

87"3?7x784'S5x "020868 
■61659x58-844 
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III. ALGEBRA. 
[N.B. — Great importance is attacked to accuracy.'] 

1. Divide l+4aW by 2a^l^ - 2ab + 1 : and 

x* + x-* + ^(3?+x-^) + 6 by x^+x-^ + 2. 

2. Express in their simplest forms 

(i-) (i-^.)-(^-3-J'). 
(ii.) (x-y+z)[x+y-z)-(x-{-y-\rz){x-y-z)-i^z. 

..... 3? - 2ax^ - cj^x - \2cfi 
(in.) ^ 5 — - — 5 s. 

3. \ia^- be, prove that b[c^ - abf + c[jl?' - caf + 2a(b'- - ca)(c^ - ab) = o. 

4. Solve the equations 



... I bx I bx , 



(ii.) x^+y = j;^+7 



- j/^ = X(/ - 



:}■ 



5. 1 120 square feet of paper will just cover the four walls of a room 
which is 8 feet longer than it is wide. If the room were 4 feet higher the 
same quantity of paper would just cover the two smaller and one of the 
larger walls. What are the dimensions of the room ? 

6. If a and /3 are the roots of the equation x^+/ix + ij' = o, and c-y, 
j8 - y, those ol3fi+Px+Q = o, show that 4? -/ = 4Q- P"^- 

7. Two cyclists travel, one from A to B, the other from 5 to ^, by 
the same road, and at uniform speeds. They start at the same moment. 
One reaches B 2\ hours, the other reaches A 3 hours 36 minutes after they 
meet. How long was each on the journey ? 

8. Explain and justify the process ordinarily used for finding the 
square root of an algebraic expression. 

Show how the method is applied to numerical examples. 

9. Show how to find the sum of n terms of a given Geometrical 
Progression. If ^, y, « be in G.P., prove that 
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10. The arithmetical mean between two numbers is to the geometric- 
mean as S to 4, and the difference of their geometrical and harmonical 
means is 3| ; find the numbers. 

11. li m and n are positive integers, show that the coefficient of «™ in 
the expansion of (I + jc)"^" is equal to that of x!^. 

Find the coefficients of ^ and :fi in the expansion of (i -2x-yc^)~^. 

12. Assuming the formula for the number of permutations of n different 
things taken all together, show how the number may be found when the 
things are not all different. 

Hence find how. many different numbers may be composed with the 
figures in 111223, each consisting of 6 figures. 



IV. PLANE TRIGONOMETRY. 

(Including the Solution of Triangles. ) 

[N.B. — Great importance will be attached to accuracy.'\ 

1. Explain what is meant by the circular measure ai an angle, and 
show that the circular measure of an acute angle is intermediate in value 
between the sine and the tangent of the angle. 

The perimeter of a certain sector of a circle is equal to the length of the 
arc of a semicircle having the same radius. Express the angle of the sector 
in degrees, minutes, and seconds. 

2. Prove that the secant of any angle will be either greater than + 1 or 
less than - i. 

Show that sec A = +\/T+tax?A, and explain the appearance of the 
double sign. 

3. Express sia{A-B) and cos{A-B) in terms of the sines and 
cosines of A and B. 

Find the values of sin 15°, sin 105°, cos 165°, and tan 195°. 

4. Obtain a formula including all angles which have a given tangent. 
If tan A + tan 2A = tan 3A, prove that A must be a multiple of 60° or 90°. 

6 
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5- A ring, lo inches in diameter, is suspended from a point I foot 
above its centre by six equal strings attached to its circumference at equal 
intervals. Find the cosine of the angle between two consecutive strings. 

6. Prove that 

/ i.\ „ A 2tan^ 
/ A / (l) sm2^ = 5—. 

/ (2) cos2^-cos^cos(6o° + ^) + sin2(30°-^) = |. 

7. State and prove the rule for finding, by inspection, the characteristic 
of the logarithm of a fraction. 

Find from the tables supplied an approximate value of the seventh root 
of "000026751. 

8. Express the cosine of any angle of a triangle in terms of the three 
sides. 

Prove that 

sin {5- C) : sin(5+C) :: b-'-fi : a": 

9. The sides of a triangle are 17, 20, and 27. Find from the tables 
supplied all the angles. 

10. A man travelling due west along a straight road observes that 
when he is due south of a certain windmill the straight line drawn to a 
distant tower makes an angle of 30° with the direction of the road. A 
mile further on the bearings of the windmill and tower are N.E. and N.W. 
respectively. Find the distances of the tower from the windmill, and from 
the nearest point of the road. 

11. Find the area of a regular polygon of n sides inscribed in a circle 
of given radius. 

If a regular pentagon and a regular decagon have the same perimeter, 
prove that their areas are as 2 : VS. 



WOOLWTCH ENTRANCE EXAMINATION. 



FURTHER EXAMINATION. 



V, PURE MATHEMATICS (i). 

[/« answering the questions on Geometry ordinary abbreviations may he 
employed, but the method of proof must be geometrical. Great importance 
will be attached to accuracy. ^ 

1. If three straight lines meet all at one point, and a straight line 
stand at right angles to each of them at that point, the three straight lines 
shall be in one and the same plane. 

2. If a plane A be parallel to a plane B, and a plane C to a plane D, 
show that the straight line which is the intersection of A and C is parallel 
to the straight line which is the intersection of B and D. 

3. Prove that the line of intersection of two spheres is a circle. If 
any other sphere includes this circle upon its surface, find the locus of its 
centre. 

4. Through a point /" on a parabola the tangent, normal, and ordinate 
are drawn. Show that the portion of the axis intercepted between the 
tangent and normal is twice the portion of the axis intercepted between the 
ordinate and the directrix. 

5. A parabola is drawn to touch two sides of a triangle at the angular 
points upon the third side. Compare (with proof) the areas of the portions 
into which the triangle is divided. 

6. Being given four tangents to a parabola in position, determine its 
focus and directrix by geometrical construction. 

7. Define an asymptote. Prove that the area of all triangles formed 
by the asymptotes and a tangent to one branch of a given hyperbola is the 
same. 

From the points B, C, in which a tangent to an hyperbola meets the 
asymptotes, CH, BG, are drawn parallel to one another to meet the 
asymptotes in H and G. If AFD is a straight line parallel to CH and 
meeting the asymptote HB in A and the asymptote CG in D and the 
tangent in F, show that it also will be a tangent to the hyperbola when the 
triangle AFG is equal to the triangle HFD, 

8 
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8. Find the condition that the straight Yme.'i Ax + By=\ anaax + Sj>=i 
may be (l) perpendicular ; (2) parallel. In the latter case find the distance 
between the straight lines. 

9. The four angular points of a quadrilateral referred to oblique 
coordinates are {x^jf^), (x^y^), (x^y^, (^4^4). Find the conditions that it 
may be (i) a rhombus, (2) a square. 

10. If o = o, /3 = o, 7 = o represent, in abridged notation, the three sides 
of a triangle, show that any right line can be represented by 

la + m^ + ny = 0. 
If a, b, c, are the sides of the triangle, and I : m : n :: a : b . c, 
comment on the above equation. 

11. Find the equations to the tangent and normal to the ellipse 

x^ y^ _ 

at a point of which the eccentric angle is 6. What value must be assigned 
to the coefficient m Kw ic^ —y'^ = mxy, in order that this equation may 
represent straight lines through the origin parallel to the normal and 
tangent at the point of which the eccentric angle is 5 ? 

12. Examine the nature of the following curves, and trace them : 

(i.) (x+af^c'^ + iy+bf. 
(ii.) (x+y-^)(x-y-^) = 2l(x-lf. 
(iii.) X? - }fi = \y - a)(x' - 3^). 



VI. PURE MATHEMATICS (2). 

1. If X and J are real quantities, prove that 

(xy-lf>{x^-l)(y''-i). 

2. If X and J are both positive, and if 

x<. — =i, prove j'< . 

i+y^ \+x 

3. If a number A' is divisible by 11, prove that 

a-b-\-c-d-\-e.tc. 
(if not o) is divisible hy 11; a, b, c, d... being the digits composing N, 
beginning from the right. 

9 
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4. In how many different orders may six people be formed into a ring? 

A party of n ladies and n gentlemen sit round a table. How many 
different arrangements are possible if each lady is to sit between two 
gentlemen ? ' 

5. Show that 

logr 

is a function of x which satisfies the condition 

<j>(x^=l + i>(x). 

6. Find a quadratic whose roots are the squares of the roots of 

x?-2x cos 9+1=0. 

7. Find in any manner the three roots of the cubic 

8. Expand {i+x+j^ + jfi)'^ according to powers of x. 

9. What is the trigonometrical value of <'v - i ? 
Show that, if 9 < 90°, 

»J - I cos"-' (cos 9 + sin 0) is real. 

10. If a point Z be taken in the base AB of a triangle ABC, such that 

AZ : ZB :: AC- : BC^, 
prove that ZC divides the angle C into two parts, which are equal to 
those into which C is divided by the bisector of the base. 

11. To a person going northward, when at A, two objects B, C, 
appear in a straight line, pointing N.W. After advancing a distance a 
the object C still seems almost due N.W. of him, while the angle which 
B and C subtend at his eye is found to be B. Find approximately the 
distance AB. 

12. In the equation 

x^+ax:^-'^ + bx'^-'^ + =0, 

the coefficients a, b, c are integers. Prove that it cannot have a 

fractional root. 
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VII. PURE MATHEMATICS (3). 
\FuU marks may be obtained for about three-quarters of this paper. '\ 

1. Explain briefly the doctrine of limits on which the differential 
calculus depends. 

Find the differential coefficient of tan x, assuming, if it be needed, that 

the limit, when x = o, of is \. 

X 

2. What is understood by different orders of infinitesimals? Show 
that if one side of a right-angled triangle be regarded as an infinitesimal of 
the first order, the difference between the hypothenuse and the remaining 
side is an infinitesimal of the second order. 

Two houses A and B lie north and south of one another at a distance 
of 100 yards apart. A third house C lies 2 miles from .5 in a south-west 
direction. A postman calling at C can either proceed directly to A and 
thence to B, or he can take the opposite course. How much shorter 
(approximately) is one way than the other? 

3. Obtain an expansion for sin'^x in terms of x as far as the term 
involving o^, and write down the general term of the series. From three 
terms of this series, obtain an approximate value of ir. 

4. If y =f{x), show generally that the values of x which are derived 

from the equation ^ = o give the maxima and minima values of {y), and 
dx 

show how to distinguish the maxima firom the minima. 

AB, AC are two straight lines meeting ia A ; M is, a. point between 
them: draw through Ms. straight line PMQ meeting AB and AC in P 
and Q respectively, so that the area of the triangle PAQ may be a 
minimum. 

5. In ii plane curve determine the lengths of the portions of the 
tangent and normal respectively intercepted between the point of contact 
and the axis of (x). 

In an ellipse find the points in the curve at which these lengths of the 
tangent and normal are equal. 
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6. Find an expression for the radius of curvature of a plane curve in 
rectangular coordinates ; determine it at any point of the catenary whose 

equation is j/ = -leo + e~o J, and write down its value at the lowest point 

■of the curve. 

7. If (p) be the perpendicular from the pole of a curve referred to 

polar coordinates, prove that 4 = -Ti+^( — I ■ 
p' f^ r^\d6i 

In a parabola, whose polar equation is ?■ = , obtain, from the 

^ l+cosff 

above, the equation between (/) and (r). 

8. Trace the curve y^ = x^ . £jl^ ; draw its asymptotes, and deter- 

x-za 

mine if the ordinates have maxima or minima values. 

9. There are certain elementary forms of differentials whose integrals 
.are known from inspection, give the integrals of any four such differentials. 

Integrate 

^') x''->]x+\2' <^' >Jifi-xKdx. 



10. Prove that 



r{smxfdx= ^-'^-^ .-. 
Jo 2.4.62 

1 1. Find the differential expression for determining the area of a plane 
curve in polar coordinates. 

Find the area of the loop of the curve whose equation is r^ = a^ cos 28. 

12. Find the content of a given sphere. 

Prove that the content of a sphere is to the content of the greatest 
■cone that can be inscribed in it as 27 to 8. 



FURTHER EXAMINATION. STATICS. 



VIII. STATICS. 

1. How are forces measured in Statics ? Can three forces, proportional 
to 9> S> 3 respectively, acting in one plane on a particle, be so arranged as 
to be in equilibrium? State and prove any proposition that involves the 
answer to the question. 

2. Two equal forces inclined to each other at a given angle act on a 
fixed point ; find the pressure on the point. 

Two equal weights ( W) are attached to the extremities of a thin string 
which passes over three tacks in a wall arranged in the form of an isosceles 
triangle with the base horizontal, the vertical angle at the upper tack being 
120° ; find the pressure on each tack. 

3. If a straight uniform rod is suspended by a thin string fastened to 
its middle point, and be kept in equilibrium by two weights on the opposite 
sides of the middle point, find the tension of the string by which the rod is 
suspended, and show how the weights are related to each other. 

A straight lever two feet long is movable about a hinge at one end, 
and is kept in a horizontal position by a thin vertical string attached to the 
lever at a distance of 8 inches from the hinge, and fastened to a fixed point 
above the lever ; if the string can just support a weight of 9 ounces without 
breaking, find the greatest weight that may be suspended from the other 
end of the lever. 

4. Show that any system of forces acting on a rigid body in one plane 
may be reduced to a single force and a single couple. A rod is placed in 
any given position with one end on a smooth floor, and the other end 
against a smooth wall. Find a single force and a single couple which 
together will keep it at rest in that position. 

J. If a right cone be cut by a plane bisecting its axis, find the distance 
of the vertex of the cone from the centre of gravity of the frustum thus 
cut off. 

6. In that system of three pulleys (usually called the third system) 
where each string is attached to the weight and the weights of the pulleys 
are all equal, find the relation of the power to the weight, when equilibrium 
is established. If each pulley weighs 2 ozs. what weight would be 
supported by the pulleys alone ? 

If the weight supported be 25 lbs. and the power 3 lbs., find what must 
be the weight of each pulley, 

l'3 
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7. Find the force acting up and parallel to a given rough inclined 
plane that is just able to move a vifeight up the plane. 

Tvpo equal weights are attached to a string that is laid over the top of 
two inclined planes having the same altitude and placed back to back, the 
angles of inclination of the planes being 30° and 60° respectively, show 
that the weights will be on the point of moving if the coefficient of friction 

between each plane and weight be r^. 

8. State the principle of virtual velocities. Assuming the principle 
true, deduce from it the condition of equilibrium on a bent lever of 
unequal arms when acted on by weights suspended at the extremities of 
the arms, and show that for an indefinitely small displacement the centre 
of gravity of the weights will neither ascend nor descend. 

9. A lamina in the form of an isosceles triangle, whose vertical angle 
is a, is poised upon a sphere, radius r, so that its plane is vertical and one 
of its equal sides (a) is upon the surface of the sphere ; show that the 
equilibrium will be stable in the plane of the triangle if sino be less 

than 3r. 
a 

10. Define the unit of work, and explain how it varies with the units 
of length, mass, and time. 

A chain weighing 8 lbs. per foot is wound up from a shaft by the 
expenditure of four million units of work ; find the length of the chain. 

11. A cylindrical shaft has to be sunk to a depth of lOO fathoms 
through chalk whose specific gravity is 2-3 ; the diameter of the shaft 
being 10 feet. What horse-power is required to lift out the material in 
12 working days, of 8 hours each? [The weight of a cubic foot of water is 
62*5 pounds, and one horse-power is 33,000 foot-pounds a minute.] 
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IX. DYNAMICS. 

\_The measure of the acceleration of gravity may be taken to be 32 when afoot 
and a second are units of length and time.\ 

{Great importance will be attached to accuracy. '\ 

1. State the theorem known as Ha^ parallelogram of velocities. 

A stream runs with a velocity of I J miles an hour ; find in what direction 
a swimmer, whose velocity is 2j miles an hour, should start, in order to 
cross the stream perpendicularly. 

What direction should he take to cross in the shortest time ? 

2. A person walking along a road at a rate v, sees a tower a mile 
distant from his eye ; the nearest distance of the tower from the road is 
half a mile. Find the rate at which he is approaching the tower. Does 
this rate alter as he advances ? 

3. A sphere at rest is struck directly by another in motion. Describe 
in a few words the essential points of the phenomenon of impact, (l) when 
the spheres have no elasticity, (2) when they are perfectly elastic. 

4. A particle is shot vertically upwards with velocity u ; find the time 
of ascent, and show that it is equal to the time of descent. 

5. If a number of particles are let fall at the same instant down a 
number of smooth inclined planes having a common vertex, prove that at 
any moment they all lie on one circle. 

Prove also that if all the planes are equally rough, the particles will be 
on one circle. 

6. A ball is discharged with the initial velocity of 1 100 feet; find in 
miles the greatest range it can give on a horizontal plane. 

Could this range be reached in practice ? 

7. A projectile is thrown with given velocity and elevation, give the 
horizontal and vertical components of its velocity after a given time. 

If after a given time a second projectile is thrown from the same point, 
in the same trajectory, describe what appearance its motion would present, 
as seen from the first one. 

15 



WOOLWICH ENTRANCE EXAMINATION. 

8. One end of a string is fixed ; it then passes under a movable pulley 
to which ii weight, W, is attached. The string then passes over a fixed 
pulley, and a (smaller) weight, P, is attached to its other end, all three 
sections of the string being vertical., Show that, neglecting the masses of 
the pulleys, the acceleration with which W descends is 

•^ W+4J'^ 

Verify this result when P is small compared to W; and when W is 
small compared to P. 

9. A bead is strung on a thread whose two extremities are fixed, and 
on which it can move without friction ; show that if the bead be started so 
as to move in the elliptic arc to which it is constrained, its velocity will be 
uniform (gravity not acting). 

Show also that the tension of the thread, for different positions of the 
bead, varies inversely as the product of the two focal radii vectores. 

10. Define the wori done by a force when it continues to act while its 
point of application moves over a given space in the direction of the force. 
If that point moves at an angle with the force, what is the work done ? 

A mass m is moving with velocity «. A constant force acts on it in 
the direction of the motion until its velocity is increased to v. Prove that 
the work done by the force is 
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FOR ADMISSION INTO 



^opd JttilitarB Jtcab^mg, Mooltoich, 

June, 1887. 



OBLIGATORY EXAMINATION. 



I. EUCLID (Books I.— IV. and VI.). 

[Ordinary abbreviations may be employed, but the method of proof must be 
geometrical. Great importance mill be attached to accuracy. ] 

1. Upon the same base and on the same side of it there cannot be two 
triangles which h^.ve their sides that are terminated at each extremity of 
the base equal to one another. 

2. If a side of a triangle is produced, the exterior angle is equal to the 
two interior and opposite angles ; and the three interior angles of every 
triangle are equal to two right angles. 

In the triangle ABC, AD and AE are drawn from the vertex A to the 
base BC, making the angle BAD equal to C, and the angle CAE equal to 
B : prove that the perpendicular from A upon BC bisects DE. 

3. Describe a parallelogram equal to a given rectilineal figure, and 
having an angle equal to a given rectilineal angle. 

W. P. I E 



WOOLWICH ENTRANCE EXAMINATION. 

4. If a straight line is divided into two equal parts, and also into two 
unequal parts, the rectangle contained by the unequal parts, together with 
the square of the part between the points of section, is equal to the square 
of half the line. 

Show that the greatest right-angled triangle, which has the sum of the 
sides containing the right angle equal to a given straight line, is isosceles. 

5. If 1 straight line touches a circle, the straight line which joins the 
centre to the point of contact is perpendicular to the touching line. 

ABCD is a straight line ; circles are described on AB and CD as 
diameters ; and a common tangent to the circles is drawn, meeting them 
in E and F. Prove that the triangles AEB and CFD are equiangular to 
one another. 

6. The angle in a semi-circle is a right angle, and the angle in a 
segment greater than a semi-circle is less than a right angle, and the angle , 
in a segment less than a semi-circle is greater than a right angle. 

7. If two straight lines cut one another within a circle, the rectangle 
contained by the segments of one of them is equal to the rectangle con- 
tained by the segments of the other. Prove this in the one case only in 
which one of the straight lines passes through the centre and cuts the other, 
which does not pass through the centre, not at right angles. 

AB, AC are equal chords of a circle ; and AED is any chord through ' 
A, cutting BC in E ; prove that the rectangle AD . AE is equal to the 
square of AB. 

8. Inscribe an equilateral and equiangular pentagon in a given circle. 
The five lines, other than the sides of the figure, which can be drawn 

connecting the angular points of an equilateral and equiangular pentagon 
include between them a pentagon which is itself equilateral and equi- 
angular. 

9. If a straight line be drawn parallel to one of the sides of a triangle, 
it shall cut the other sides, or these produced, proportionally; and, con- 
versely, if two sides, or these produced, be cut proportionally, the straight 
line which joins the points of section shall be parallel to the remaining side 
of the triangle. 

Straight 'lines A OB, COD, intersect in 0, and AO : OB :: CO : OD ; 
if/", Q, are the middle points of ^^, CD, prove that PQ is parallel to ^C 
and BD. 



OBLIGATORY. ARITHMETIC. [June, 1887 

10. Equal triangles, which have one angle of the one equal to one 
angle of the other, have their sides about the equal angles reciprocally pro- 
portional ; and, conversely, triangles which have one angle of the one equal 
to one angle of the other, and their sides about the equal angles reciprocally 
proportional, are equal to one another. 

11. From the vertex A oia. triangle ABC, AD and AE are drawn to 
the base, making the angle BAD equal to the angle CAE ; prove that the 
rectangle BD . BE : the rectangle CE . CD :: AB^ : ACK 

12. Describe a rectilineal figure which shall be equal to one and 
similar to another given rectilineal figure. 



II. ARITHMETIC. 

(Including the use of Common Logarithms.) 

[N.B. — Great importance is attached to accuracy."] 

1. What is the smallest number which when subtracted from 99099, 
will make it exactly divisible by 909 ? 

2. What will 37 J lbs. of nutmegs cost at is. 6Jrf. per oz.? 

3. What is meant by (a) the numerator, (b) the denominator of a 
fraction? Prove that | = f , and add together 177 + A+A- 

4. If 13 yards of cloth cost £2. os. id., what must be given for 75 
yards? Do this by Rule of Three, and explain the principle on which 
your statement is made. 

5. If ;^I5o gain £3. Js. 6d. in 9 months, what sum will gain £3 in 12 
months ? 

6. Find by Practice the price of 22 cwts. 3 qrs. 21 lbs. at £2. gs. 6d. 
per cwt. 

7. Multiply "0047 by "craoss, and prove the correctness of your result ; 
and divide '00918 by 'OiS. 

8. Find the value of "05854 of a guinea, and reduce 3 weeks 4 days 
5 hours 6 miniites 6 seconds to the decimal of a month. 

3 
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9. Extract the square root of 63409369, and the cube root of 66430'I25. 

10. The interest oi £2^ for %\ years at simple interest was found to be 
;^3. i8j. 9^. ; what was the rate per cent. ? 

11. What is the difference between the compound interest on ;^loo for 
2 years, according as the interest is paid yearly or half-yearly, 4 per cent. ? 

12. Define Present Worth and Discount : and find the pfoportibtf 
between the interest of £vx> for 4 years, at 6J per cent., and the discount 
of the same sum payable at the end of 4 years, at the same rate of interest. 

13. A person sells an estate worth £1200 per annum for 25 years* 
purchase, and after deducting i J per cent, for expenses invests the remainder 
in North-Eastern Consols at 155 ; allowing 2j. ()d. per cent, for brokerage, 
find the amount of stock he will receive. If he gets 7 per cent, on his 
investment what will be the difference of his income, supposing the 
management of his estate to have cost him 10 per cent, of the rental ? 

14. What are meant by duodecimal fractions? By means of duodecimals, 
find the area of a rectangle 2 ft. 3 in. by 5 ft. 7 in. , and express your answer 
in square feet and inches. And find the cost of glazing a window containing 
60 panes, each of which is I ft. 2' 3" by 11' 5", at 3^. %d. per square foot. 

15. A tradesman forms a mixture of tea by adding i lb. at 3i. and J lb. 
at 4J. (>d. to every 2 lbs. at 2s. ; what must he sell it at per lb. in order to 
gain 10 per cent. ? 

16. A rectangular wooden box exactly contains 6 iron balls, each 10 
inches in diameter, packed in sawdust: the wood is i inch thick. Firid the 
weight of the whole ; given that a cubic foot of wood or sawdust weighs 
38-4 lbs. ; a cubic inch of iron weighs 4 '56 oz. ; and that the volume of a 
sphere is "52 times the cube of its diameter. 

17. What fractions produce circulating decimals? What kind of a 
decimal is s/i equivalent to? Convert "054 into a firaction, and explain 
your method of doing so. Multiply together -4, -4, -0004, and find the 
result to the end of the first recurring period. 

18. Two clocks are together at 12 o'clock : one loses 7" and the other 
gains 8" in 12 hours : when will one be half-an-hour before the othet, and 
what o'clock will it then sho w ? 

19. Find the value of i6n/3 + io\/4-4\^-3 \/io8 to 2 places of 
decimals. 



OBLIGATORY. ALGEBRA. [June, 1887 



20. Given log 2 = •3010300, log 3 = ■4771213, log i '38 = •1398791. find 

log I, log2'i6, log -006, and the value of .■y/ ^ , ^ ■ Log 6-240325 

V V-oi 

= •7952071. Between what powers of 10 does 2^ lie? 



21. If the side of a cube be 8, find the side of another cube exactly 
double the volume of the former. Given log 11 = i "04139. 



III. ALGEBRA. 



(Including Equations, Progressions, Permutations and Combinations, 
and the Binomial Theorem.) 

[N.B. — Great importance is attached to accuracy.'] 

1. Multiply 

ax'^ + ax+- by —-ax + a, 
a a 

and divide 

3i!^+$aifi-(n^ + n-'j)aV- $na^x-6a!^ by x^-(n-2)ax-2a^. 

2. Find the Highest Common Factor of 

:f-ifi + ^'^-y: + 2 and 5^ - 3:1;'' + 8;f - 3. 

3. Simplify 

axy a(x-a)(y-a) y(x-y){y — a)' 

4. Express {17 - 3^21}^ as the difference of two surds, and find the 
value of 

, ^x+ ^^^ 



is/x- \ X-- 

y X 



x-~ _ , . 

= when 2x^s/a+-~7^. 



WOOLWICH ENTRA-NCE EXAMINATION. 



5. Find the condition that the roots of the equation ax^-bx^c^o 
may be real and unequal. 

Also show that, if one root is the square of the other, 

6. Solve the equations 

r^±4-^-j'-'=2^-4. 

(Dp '' 

X+2 X-1 X-^ 



(3) ax + b\lx^ + bx + ab -.(^. 



7- If 
prove that 



i: b wh: c:: e : I 



8. Show how to insert any number of arithmetic means between two 
given quantities. 

2« arithmetic means are inserted between a and b : find the middle pair 
of means. 

9. Sum to 2« terms each of the series 

1-3 + 9-27 + etc., 
I-3 + S- 7 + etc., 
and write down the last term of e^ch series. 

10. How many different selections of five young trees can be made 
from a plantation containing 45 ? •'.- : 

Also, if five trees be selected from each of six different plantations, in 
how many ways can they be planted in six rows, each consisting, of .trees 
from the same plantatipn ? 

11. State the Binomial Theorem, and, assuming it to be true for any 
positive index, show that it will also be true for any negative index. 

Find the coefficients of jc' in (l +jr)~' and (i -'rx+x"'')'^. 
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OBl^IGATORY. PLANE TRIGONOMETRY. [June, 1887 

12. A man's net income is lo per cent, less than his gross income, 
which is derived partly from land and partly from personal property. ' He 
pays income tax at %d. in the £ on the whole, and also local rates on the 
income from land. If his- whole income had been derived from land, his 
net income would have been one-ninth less. What are the local rates 
per £, and in what proportion' is his gross income derived from the two 
kinds of property ? ' 



IV. i?LANfi TRIGONOMETRY. 

(Including the Solution of Triangles.) 

[N. B. — Great importance will be attached to accuracy.'\ 

1. Give a definition of the tangent of an angle which will apply to 
angles of all magnitudes ; and trace the changes in the value of the tangent 
as the angle changes from o° to 360°. 

If tan A-%, find all the other trigonometrical functions ai A. 

2. Prove by means of a' figure that 

cos(/i - B) = 0.0?, A coi B + wa A ivcv B ; 
the angle A being between 90° and 135°, and B between 45° and 90°. 

3. If tan .4 = ^^, and tan .5 = ^!^; 
prove that tan (A~B) = -375. 

4. Find the values of sin 60° ; sin 165° ; sin 18°. 

5. Prove that 

tan-ii+ tan-i? + tan-i- + tan-ii = -. 
49584 

6. Prove that in any triangle 

(i.) ai\'CiB = bsm.A. 
(ii.) a = ccos^ + ^cos C 

'7 



WOOLWICH ENTRANCE EXAMINATION. 



prove that tan ^ = JSlzMlzA. 



^3 4- ^ _ flS 

7. Assuining cos/4= , 

A_ ' 

2 \ j(j - 0) 

If a = 40, ^ = 5 1 , f = 43 ; find the value of A, having given 

log I28 = 2'I072IO. 

log 603 = 2780317. 

log tan 24° 44' 16" = 9 ■6634465. 

8. Given log 2 = "30103, and log 3 = '47712 ; find log sin 60° and 
log tan 30°. 

9. The sides of a triangle are a feet, b feet, and ija^ + ab + l^ feet in 
length ; find its greatest angle. 

ID. In any triangle, if tan — = |, and tan — = — ; find tan C. 
26 2 37 

Show also that, in such a triangle, a + c = 2b. 

11. Z>A is a tower on a horizontal plane. ABCD is a straight line in 
the plane*' The height of the tower subtends an angle 9 at ^, 2S at B, 
and %B at C. If AB = Jo feet, and BC = 20 feet, find the height of the 
tower and the distance CD. 

■ . B . C 
a sin — sin — 

12. Prove the formula r = ^—^^-^^ ; where r is the radius of a 

A 

cos — 

2 

circle inscribed in the triangle ABC. 
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FURTHER EXAMINATION. 



V. PURE MATHEMATICS (i). 

(Analytical Geometry, Conic Sections, and Solid Geometry. ) 

ZEull marks may be obtained for about three-fourths of this paper. Great 
importance is attached to accuracy. 1 

1. Points A, B, C are taken on three conterminous edges of a cube : 
prove that the angles of the triangle ABC are all acute. 

2. A number of planes pass through a given line : find the locus of 
the feet of the perpendiculars on them drawn from a given point. 

3. Prove that the volume of any pyramid is one-third of the volume 
of a prism having the same base and altitude. 

4. Find the value of c in order that the equation 

l23c^-\-xy-(>y'^-z<)x+%y = c 
should represent a pair of right lines. 

5. If w be the angle which a focal chord of a parabola makes with 
its axis, prove that the length of the chord is p cosec^w, where / is the 
parameter of the curve. 

6. Being given two tangents to an ellipse, and one of its foci, find the 
locus of its centre. 

7. From any point P on an ellipse PN is drawn perpendicular to its 
axis major, and produced until NQ is equal to PF, where F\%s. focus of 
the ellipse : find the locus of Q. 

8. Show that the equation 

(o" -)- ;32 - r2)(;t2 +/ - J-2) = {ax+Py- rY 

represents a pair of right lilies which pass through the point o, ft and 
touch the circle x^+y^ = r'. 



WOOLWICH ENTRANCE EXAMINATION. 

9. In an ellipse prove that the parallelogram formed by joining the 
extremities of a pair of conjugate diameters has a constant area. 

10. Find the equation to the. normal at any point on the ellipse 

If X, Y be the coordinates of the middle point of the portion of the 
normal which is intercepted between the axes of the ellipse, prove that 

11. Define the polar of a point with respect to a conic, and prove that 
any right line drawn through a point is divided harmonically by the point,, 
the curve, and the polar of the point. 

12. Being given three points on a conic, and one of its foci, find the 
position of its centre and of its vertices by geometrical construction. 

13. Prove that any ellipse can be projected orthogonally into a circle. 
Hence show that any triangle can be orthogonally projected into" an 

equilateral triangle. 



VI. PURE MATHEMATICS (2). 

(Further Questions and Problems on the Subjects of the Qualifying 
Examination and Theory of Equations.) 

\_FuU marks may be obtained for about four-fifths of this paper. Great 
importance is attached to accuracy. \ 

1. If j; + - = J, express 3^+—.'\tx terms oiy. 

X x" 

„^ + 2 A+Bx , C + Dx ^ „ , , ^ , , 

2. J.I — ; = 7= i — 7= — lor all values of x, find the 

' X*+I x2 + W2+I x'-X»j2+l 

values of A, B, C, D. 

3. Find the sum of the series 

(i) I.3 + 3-S + S-7+ -. 
(2) i + 3^+S^* + 7ji^+ ... , 
each to « terms. 



FURTHER EXAM. PURE MATHEMATICS. [June, 188T 

4. Find, by aid of the Binomial theorem, or otherwise, the limiting 
value of V-** + ax^+ bx + c- ijx^ +a'x'^ + b'x + c' when x-x. 

5. In what time will a given sum of money quadruple itself at 4 per 
cent, compound interest? (Given log 2 = 'SOlos, log 1-3= ■H394.) 

6. If a + ^ + c = o, and ;ir+^ + 2 = o, prove that 

(a2 + x^-)(bc -yz) + [^ +f){ca - zx) + (^ + z^)(ab - xy) = o. 

7. There are 10 tickets, of which 5 are blanks, and the others are 
marked i, 2, 3, 4, 5 ; find the probability of drawing 9 in three trials, the 
tickets not being replaced. 

8. Find the sum of the series 

cosa + cos3o + cos5o+...+cos(2K- i)a. 

9. In a plane triangle prove that 

a'sin (.5 - C) + ^'sin ( C - ^ ) + Ain (^ - .5) = o, 

10. Find the real and imaginary parts of the expressions' 
sin(a + j3\/^) and sec(o + j3\/ - i), where a and ^ are real. 

n. Show that the equation x'-4x^-y:+i2 = o has two roots which 
are equal, with opposite signs : and solve the equation. 

12. Prove that a root of the equation f'{x) = o lies between each 
adjacent pair of real roots oi f{x) = o. 

Solve the equation x*-'ixr> + x^ + ^ = o, which has a pair of equal roots, 

13. If a, /3, y be the roots of the cubic 

x^ +p3fi + qx + r = o, 
form the equation whose roots are 

7 P « 
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VII. PlfRE MATHEMATICS (3). 

(Differential and Integral Calculus.) 

\Full marks may be obtained for about three-quarters of this paper. Great 
importance is attcuhed to accuracy. '\ 

I. Differentiate the ftinctions 






2. Find the third differential coef5cient oiy"^; y being a given function 
■oix. 

3. The base angles A, B, of an isosceles triangle ACB are infinitely 
^mall. Show that in the limit the triangle is equal to | of the circular 
segment ACB. 

If a is infinitesimal, show that 2 sin a + tan o - 3a is an infinitesimal of 
the fifth order. 

4. State Maclaurin's theorem for the expansion of a function. 
Expand / I \dx by powers of x as far as :1c'. 

^ — a* 

5. Find the value of the vanishing fraction when x = a. 

X -a 

6. If m, n are positive, and if 

mifi + «j/* = a^, 
find by any method the greatest possible value of x +y. 

7. Find the equation of the tangent to the curve 

■at any point ; and show that the portion of the tangent intercepted by the 
axes is divided in a constant ratio at the point of contact. 

8. Find the integrals 

jij^)'^' Jvn-t±^= j^-^logxdx. 
In the second, either of the signs + may be chosen. 



■CS. [Jime, 188T 



9. Find a formula for redticing the integral/cos":i; <&, where « is an 
integer. When may the integral be easily found without using this for- 
mula? Modify the formula sci as to give one for the reduction of 



cos";ir' 
If z = x-yxr-^uiix, prove that 



X [-rz = u. 

ax 

11. In the curve x™/*= i the whole area included between the curv& 
and one of its asymptotes [beginning from the point (i, i)] is infinite, and 
that between it and the other is finite. Find the value of the latter area. 

12. F"ind the radius of curvature of an ellipse, and show that it is. 
equal to — , where i' is the semi-diameter conjugate to that through th6 
point. 



VIII. STATICS. 



1. Explain what is meant by Graphical Statics. If forces of 5 lbs. 
and 6 lbs. be represented by the base and altitude of an isosceles triangle^ 
what forces will be represented by the sides ? 

2. Two weights W^, W^, are connected by a string which hangs over 
a smooth peg, and motion is prevented by means of a second string, shorter 
than the first, attached to each weight. Find the tensions of the strings. 

3. Enunciate the proposition known as the Parallelogram of Forces, 
and, assuming its truth for the direction, prove it for the magnitude of the 
resultant. 

A weight of 10 lbs. is suspended by two strings, 7 and 24 inches long, 
their other ends being fastened to the extremities of a rod whose length is 
25 inches. If the rod be held so that the weight hangs immediately below 
its middle point, find the tensions of the strings. 

4. Three forces 5/", loP, and 13/", act in one plane on a particle, 
the angles between any two of their directions being izo°. Find the 
magnitude of their resultant. 

13 
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5. Show how to find the resultant of two like parallel forces. A rod 
16 inches long rests on two pegs, 9 inches apart, with its centre midway 
between them. The greatest weights which can be suspended from the 
two ends of the rod without disturbing the equilibrium are 4 lbs. and 5 lbs. 
respectively. Find the weight of the rod, and the position of its centre of 
gravity. 

6. Prove that any system of co-planar forces can be reduced to a single 
force or a single couple. 

7. Find the centre of gravity of a triangular lamina. 

The base of an isosceles triangle is 4 inches, and the equal sides are 
each 7 inches : find the distances of its centre of gravity from the angular 
points of the triangle. 

8. Find the magnitude of the least force which will draw a weight W 
up a rough inclined plane, the coefficient of friction being /*, and the force 
being supposed to act parallel to the plane. 

How much work is done in drawing a load of 6 cwt. up a rough 
inclined plane whose height is 3 feet and base 20 feet, the coefficient of 
friction being fr ? 

•9. Assuming the principle of Virtual Velocities, deduce the relation 
between the power and the weight in the case of the wheel and axle. 

10. Find the force required to raise a bar weighing 20 lbs. by means 
of a system of one fixed and three mpvable pulleys ; each string being 
attached to the bar, and the weight of the pulleys being neglected. Draw 
carefully a figure showing this system of pulleys. 

I i. Prove that if a body be placed on a horizontal plane, it will stand 
or fall according as the vertical line drawn through its centre of gravity 
passes within or without the base. 
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IX. DYNAMICS. 

[The measure of the acceleration of gravity may be taken to be 32 when 
a foot and a second are units of length . and time.'] 

[Great importance will be attached to accuracy.] 

1. What is meant by uniform velocity, and how is it measured? What 
by uniform, acceleration, and how measured ? 

A body starting with a velocity of 10 feet per second describes 1 1 feet in 
one second. If the acceleration on it be uniform, find its value. 

2. A steamer is going due N. with velocity v ; the smoke from the 
chimney points 8 degrees South of E. If the wind is due W., find its 
velocity. 

3. If the measure of. an acceleration is^ what change in this measure 
is produced by taking double the unit of time as the new unit ? Prove the 
result. 

If the measure of gravity-acceleration be i, what is necessary as to the 
units of space and time ? 

4. Two bodies start together from irest, from one point, in two diverging 
lines, each moving with a given accelei-ation. Show that their velocity of 
separation is uniformly accelerated during the motion. 

5. How is angular velocity measured when uniform ? A body revolves 
round an axis with a uniform angular velocity w ; how many complete 
revolutions does it make per minute. 

A point moves so that its angular velocities round two fixed points are 
always equal and in the same sense ; find the path it describes. 

6. A perfectly elastic ball strikes another equal ball moving in the 
same direction. Show from the principles of impact, and without assuming 
any formulae, that the balls exchange velocities. 

7. Given the initial velocity and elevation of a projectile, construct 
geometrically its position, and the direction in which it is moving, at any 
given moment. 

From your construction (or otherwise) show that if any number of 
projectiles are thrown together from one point, whatever be their initia 
motions, their directions of motion at any instant all pass through one 
point. 

IS 
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8. A vertical hollow cylinder, 3 feet in circumference, is revolving- 
uniformly round its axis, making one turn per second. A heavy particle is 
let drop from a point at the mouth of the cylinder, so as just to touch the 
inside surface during its fall and leave a trace upon it. If the cylinder be 
afterwards unrolled, what form will the trace present ? 

9. A body moves uniformly with given velocity in a circle. Is there 
necessarily any force acting on the body? If so, state its magnitude and 
direction at any moment. 

A smooth, hollow sphere is revolving with uniform angular velocity la 
round a vertical ' diameter. Show that a heavy particle placed inside will 
only remain, resting against the side of the sphere, at one particular level. 

If the angular velocity « be less than a certain limit, show that the 
particle will remain at the lowest point of the sphere. 

10. State the principle of work with regard to the motion (i) of a 
particle acted on by force, (2) of a rigid body. If a body is at rest, and 
any forces are applied to it, and it moves under the action of those forces, 
until it arrives at another position where it is also at rest, what can be 
inferred as to the action of the forces ? 

A uniform rectangular block ABCD stands on its base AD on a rough 
floor. It is pulled at C by a horizontal force just great enough to begin to 
turn it round the corner D. If this same force continues to pull it horizon- 
tally at C till the block has turned through an angle B, and then ceases, 
prove that the block will have acquired sufficient momentum to cause it 
just to overturn round D, provided sin 9 = tan Ja, where a < BDC. 
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MATHEMATICAL EXAMINATION PAPERS 



FOR ADMISSION INTO 



l^opal Jflilitarj) ^tutzm^, WLooltokh, 

November, 1887. 



OBLIGATORY EXAMINATION. 



I. EUCLID (Books I.— IV. and VI.). 

[Ordinary abbreviations may be employed; but the method of proof must be 
geometrical. Great importance will be attached to accuracy. '\ 

1. The angles which one straight line makes with another straight line 
on one side of it, either are two right angles, or are together equal to two 
right angles. 

The straight lines bisecting the angles at the base BC of an isosceles 
triangle ABC intersect in D. Show that AD produced bisects the angle 
BDC. 

2. If a side of any triangle be produced, the exterior angle is equal to 
the two interior and opposite angles ; and the three interior angles of every 
triangle are equal to two right angles. 

Describe an isosceles triangle in which each of the angles at the base is 
one-fourth of the vertical angle. 

3. Distinguish between a Problem and a Theorem, and explain what is 
meant by the converse of a Theorem. 

Enunciate carefully, and prove, the converse of the following theorem : 
"Triangles on equal bases and between the same parallels are equal." 

W. P. I F 
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4. If a straight line be divided into any two parts, the square on the 
whole line is equal to the squares on the two parts, together with twice the 
rectangle contained by the two parts. 

Prove that, of all right-angled parallelograms having the same peri- 
meter, the square has the shortest diagonals. 

5. In every triangle the square on the side subtending an acute angle 
is less than the squares on the sides containing that angle by twice the 
rectangle contained by either of these sides, and the straight line intercepted 
between the perpendicular let fall on it from the opposite angle and the 
acute angle. 

6. The diameter is the greatest straight line in a circle ; and, of all 
others, that which is nearer to the centre is always greater than one more 
remote ; and the greater is nearer to the centre than the less. 

7. In a circle the angle in a semicircle is a right angle, but the angle 
in a segment greater than a semicircle is less than a right angle, and the 
angle in a segment less than a semicircle is greater than a right angle. 

Two circles, whose centres are 0, 0', touch each other in the point A, 
and are met by a common tangent in the points B, C, respectively. 
BOD, CCE, are diameters of the two circles. Show that BE, CD, 
intersect in A. 

8. Inscribe a circle in a given square. 

Two squares are described, one circumscribing and the other inscribed 
in a given circle. Prove that the diameter of the circle inscribed in the 
smaller square is equal to the radius of the circle described about the 
larger square. 

9. How does Euclid test whether four magnitudes are proportionals ? 
Find a fourth proportional to three given straight lines. 

10. If four straight lines be proportionals, the rectangle contained by 
the extremes is equal to the rectangle contained by the means ; and, if the 
rectangle contained by the means be equal to the rectangle contained by 
the extremes, the four straight lines are proportionals. 

Describe a rectangle so that its sides are in a given ratio, and its area 
is equal to a given square. 

11. Parallelograms about the diameter of any parallelogram are 
similar to the whole parallelogram and to one another. 

Show that either of the complements is a mean proportional between 
the two parallelograms about the diameter. 



OBLIGATORY. ARITHMETIC. [Nov. 1887 

II. ARITHMETIC. 

(Including the use of Common Logarithms.) 

[N.B. — Great importance is attached to accuracy. Candidates are expected 
to use Arithmetical methods of solution.^ 

1. Multiply 909 by 990, and explain your metliod of work. 

2. What is the value of 6 oz. 12 dwts. of gold when I oz. 13 dwts. 
cost £^ \%s. Yoi^d. ? 

3. State and explain the rule for division of fractions. Divide 33^ by 
7|-|, and bring the result to its lowest terms. 

4. If the sum of the digits of a number be divisible by 9, prove that 
the number itself is also divisible by 9. 

5. Divide '0053 by 2*5, and 53 by "0025. Explain your rule for 
pointing in the quotient in each case. 

6. Reduce £2. \$s. 6§^. to the decimal of a pound ; and find the 
difference between '625 and '0625 of a cwt. 

7. Reduce '007648 to a vulgar fraction ; and add together "125, 4'i63, 
I "7143, and 2 •514 without reducing them to fractions. 

8. If the carriage of 150 feet of wood, that weighs 3 stone per foot, 
costs ;^3 for 40 miles, how much will the carriage of 54 feet of marble, 
weighing 8 stone per foot, cost for 25 miles ? 

9. Find, by Practice, the cost of 92 tons 7 cwts. 3 qrs. 12 lbs. at 
£1. 12s. Jd. per ton. 

10. State and explain the rule of pointing in the extraction of a square 
root. Extract the square root of 1 97 -96492 to 7 places of decimals. 

11. Find the solid content of a block of marble 3 ft. 8 in. 4' long, 
r ft. 7 in. 6' broad, and I ft. 4 in. 9' thick (by duodecimals). Express your 
result in cubic feet and inches. 

12. In how many years will ;^768. 17^-. 6d. amount to ;^l23o. 4s. at 
5 per cent, simple interest ? 
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13. A person invests ^i^ifl. I'^s. in 4 per cents, at I02f ; he- after- 
wards sells out at 105, and re-invests at 126 in 5 per cents. ; find his 
change of income. 

14. Two watches are together at 12 o'clock. One gains 75" per hour, 
and the other loses 45". When will they be together again at 12 ? 

15. If A, B, and C could reap a field in 18 days ; B, C, and D in 20 
days ; C, D, and A in 24 days ; and D, A, and B in 27 days ; in what 
time would it be reaped by them all together ? 

16. If a grocer gains 10 per cent, by selling tea at 2s. yi. per lb., what 
will he gain per cent, by selling it at 2s. gd. ? 

17. Define a Logarithm. Find the log of 81 to base 3, and of 3 to 
base 81. Given log 234 = 2 "3692 159, write down log 234000, log 23*4, 
log -0234. 

18. Find, with the aid of the logarithm tables supplied, a 4th propor- 
tional to I '3046, '01042, and 2"375. 

19. Given log 367200 = 5-5649027, and log 367ioo = S"5647844 : find 
the number whose log is 5"56488i5. 

20. Find, with the aid of the tables, the amount of ;^i,ooo in 100 years 
at 5 per cent. — (i) Simple interest. (2) Compound interest. 

21. A hare starts to run, when a dog is 44 yards off, at 12 miles per 
hour. After half a minute the dog sees her, and pursues at 16 miles per 
hour. How soon will he catch her ? 

22. Find the present value of an annuity of ;^300 payable every year 
for 3 years at 5 per cent, per annum simple interest. 

[Tables of logarithms to seven figures are stipplied.'] 
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III. ALGEBRA. 

(Including Equations, Progressions, Permutations and Combinations, and 
the Binomial Theorem. ) 

[N.B. — Great importance is attacked to accuracy, "l 

1. Divide 3fi{a-\-\)-xy{x-y){fl-^b)-)^(b-\'\ by x'^-xy+y^. 

2. Prove that, if 

y- z = ax, 
z — x = by, 
x- y =■ cz, 
then abc+a + b+c = o, 

3. Prove the rule for finding the Least Common Multiple of two 
algebraic expressions. 

Find the Greatest Common Measure of 

jc^ + 4x?y - 2lx^}^ + loxy^ - y* and x*+l2x^y + 22x^y^-i2xj^+y*i 

4. Simplify the following expressions : 

'■• (|-)fe-)-(?-)(^?^-^- 



xy+j^ 



I . x'^-'jxy+izy^ 2x^ + ']xy-^ 
^x^-lixy-^y' Sx^-6xy+y^' 

5. Prove that the greater of the two fractions 

\/3 + \/2 v/3-\/2 



exceeds the less by 2 - ijz. 

6. ' Extract the square root of 

5 
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7. If a, j8, be the roots of the quadratic x^ +px + q = 0, prove that the 

equation whose roots are a + - and (3 + - is 
p a 

qx^-\-f(\+q)x+(\+qf = o. 

8. Solve the equations : 



(1) 


2x-y 
103 + 3* " 


_x-3y 
■ 46 


^i 


2a 


(2) 


2X-50 


5 . 
2x-a 


2 

a 

I 


• 


(S) 


x--Jx^- 


■ I = — 


_, 



2(x+l) 

9. A and B run a i-ace ; ^ has 50 yards start, but A runs 20 yards 
while ^ runs 19 : what must be the length of the course, that A may come 
in a yard ahead of B? 

10. What is meant by the statement that one quantity varies directly 
as another? 

If the number of passengers by an excursion train vary directly as the 
square of the number of degrees of temperature above 50° Fahrenheit, and 
if there be 405 passengers when the temperature is 59°, how many will 
there be when the temperature is 56° ? 

11. Assuming the formula for the number of arrangements of » 
different things taken r together, prove the formula for the number of 
combinations of n things taken r together. 

A man has 10 friends : how many different parties could he make by 
inviting them six together ? 

12. Show that in the expansion of (i+x)", where » is a positive 
integer, the coefficients of tenns equidistant from the beginning and end 
are equal. 

Write down the middle term in the expansion of (x-l\ and the 
coefficient of x^ in the expansion of \ ^/ 

(l+2jir+3ic2+ )2. 
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IV. PLANE TRIGONOMETRY. 

(Including the Solution of Triangles.) 

[N.B. — Great importance will be attached to accuracy. Logarithm tables are 

supplied.'] 

1. Define the sine, cosine, and tangent of an angle, and express each 
of the three trigonometrical ratios in terms of the other two. 

Find the sines and cosines of all the angles in the first four quadrants 
whose cosine is equal to cos 135°. 

2. Prove that sin (A + B) = sin A cos B + cos A sin B, and deduce from 
it corresponding formulse for cos (A - B) and cos 2A. 

Prove that sin 50° - sin 70° + sin 10° = o. 

3. Prove that 

tanf45° + ^V(^±^)* 
and cos^afl + 3 cos 29 = 4 (cos^9 - SLxfiB). 

4. Find the values of tan-'v 3 and cos 105°. 

Construct the acute angle whose cosine is equal to its tangent. 

5. Prove that 

cos-i;»; = sin-i/Wi^l^ + cos-i/y/i^. 

6. Express sin 4^ in terms of tan A ; and solve the equation 

cos 39 + sin ff = o. 

7. Prove that in any triangle c = a cos B + b co%A. 
Hence show that 

s = a cos^— + b cos^— = b cos^— + c cos^— = c cos^— + a cos"— : 
22222 2 

and deduce the equation 



'^-^—bT- 

7 
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8. The base of a triangle being seven feet, and the base angles 
129° 23' and 38° 36', find the length of the shorter side. 

9. Prove that in any triangle 

A-C 

cos 

a + c 2 



. B 

sin — 

2 



Hence show that, if C is a right angle 

A a-b+c 
tan — = 



2 a+b+c 

10. A flagstaff a feet high is on a tower 30 feet high : prove that, if 
the observer's eye is on a level with the top of the staff, and the staff and 
tower subtend equal angles, the obsenrer is at a distance 0^2 from the top 
of the staff. 

11. If S and S' are the areas of a given triangle and the triangle formed 
by joining the points of contact of its inscribed circle, prove that 

S' ^ 2(s-a)(s-b)(s-c) 
S abc 

[Logarithm tables to seven figures are supplied. ] 
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FURTHER EXAMINATION. 



V. PURE MATHEMATICS (i). 

(Analytical Geometry, Conic Sections, and Solid Geometry.) 

\Full marks may be obtained for about three-fourths of this paper. 
Great importance is attached to accuracy. \ 

1. From a point in space perpendiculars are let fall, one on a plane, 
another on a straight line lying in that plane. Prove that the line joining 
the feet of the perpendiculars is perpendicular to the straight line. 

2. Prove that in a trihedral angle any two of the dihedral angles 
containing it are together greater than the third. 

If A, B, C, D are four points not in one plane, prove that the four 
angles of the quadrilateral A BCD are together less than four right angles. 

3. A circle in space is projected orthogonally on any plane. Show 
that the projection is an ellipse, and find its axes. 

4. Three lines in space, OA, OB, OC, are mutually at right angles. 
Their lengths being a, b, c, express the area of the triangle ABC in its 
simplest form. 

5. From a fixed point A on a given line any number of lengths, AP, 
are measured along the line ; and at P " perpendicular PQ is erected, 
whose length in each case represents the square root of the number 
represented by AP. Trace the locus of Q, and give the position of its 
focus. 

6. Show that x +y = ija^ + b^ represents a tangent to the ellipse 

x^ y^ _ 

and find the point of contact. 

7. A variable circle always passes through two fixed points A, B. 
Find the locus of a point on it where the tangent is perpendicular to AB. 

8. The vertex of a parabola is joined with any point P on the 
curve ; and PQ is drawn at right angles to OP, meeting the axis in Q. 
.Show that the projection of PQ on the axis is always equal to the latus 
rectum. 
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9. If, in the equation,^ = OTx+f, c is given, but not in, how far is the 
position of the straight line determined ? 

Give an equation which will include all straight lines passing through 
the intersection of two given straight lines. 

10. Two points {xy), [x'/), subtend a right angle at the origin. What 
relation exists among their coordinates ? 

What loci are represented by the equations 
(I) J' + xy+y^ = o, (2) x?-xy^ = o, (3) (^^ - a^)^ + (/ - ^sf = o; 

n. Prove geometrically that the tangent to a parabola is equally 
inclined to the focal radius vector and to the diameter. 

A parabola touches two given straight lines at two given points. Find 
its focus by geometrical construction. 

12. Assuming that the sum of the focal distances of any point on an 
ellipse is constant, and that the tangent is equally inclined to them ; prove 
geometrically that : — 

(1) The locus of the foot of the perpendicular from a focus on any 
tangent is a circle. 

(2) The rectangle of the perpendiculars from the two foci on any 
tangent is constant. 



VI. PURE MATHEMATICS (2). 

(Further Questions and Problems on the Subjects of the Qualifying 
Examination, and Theory of Equations.) 

\FuU marks viay be obtained for about four-fifths of this paper. Great 
importance is attached to accuracy. "^ 

1. If it is possible to find values for x, y, >i, to satisfy the equations 
3fi+y^ = 2axy, 
)^+ z^ = 2byz, 
z^ + x^ = 2czx, 
show that a^ + b'^+ c^ = 2abc + 1 . 
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2. If X be any positive quantity, and n any integer, prove that 

being given the theorem that, if a positive number be divided into any 
given number of parts, the product of the parts is greatest when they are 
equal. 

3. Express J/ = Vl + ^^, (i) in a series of ascending powers of x, (2) of 
descending powers. 

Give an approximate value for y when j; is a large number. 

4. Prove in any manner that re* - 1 is divisible by 5 if re be any 
integer not divisible by J. 

Show that, n being any integer, »^ - « is divisible by 30. 

5. If re straight lines are drawn at random on a plane, how many 
points of intersection will there be ? 

If re pairs of lines are drawn, each pair being parallel to one another, 
how many intersections ? 

6. Three cards are drawn at random from a pack of 52. Find the 
chance that all three are from different suits. 

7. State the series for log ( i + jr) by ascending powers of x. 

Prove also that 

, , , X \( X \'' \l X y 
\os,{\+x) = + - +- I +etc. 

8. Find the three roots of the cubic 4^^ -i5;ir^+i2^ + 4 = o. 
Prove that, for all positive values of x except 2, 

^+3^+i>-V--^^. 

9. If tan'9 = -, find, in terms of a and b, the simplest form for the 

a 

value of +- — -. 

cos a sin d 

10. What are the factors of i - 2;r cos $ + x^7 
Find the sum of the series 

sin8 + x sin 2$ + x^ sin ^6 + etc. 
II 
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11. State the formula for the tangent of the sum of any number of 
angles. 

If » be odd, express by Trigonometry the n roots of the equation 

■ ^^_«(«-l)(«-2)^ «(«-i)(«-2)(«-3)(«-4)^_gt^_,p- 
1.2.3 I. 2. 3. 4. 5 

12. A long building in front of us is found to subtend an angle 6 ; on 
walking a distance d perpendicularly towards it, the length of building 
subtends an angle <j> ; on continuing a distance e in the same direction, the 
building is reached. Find its length. 



VII. PURE MATHEMATICS (3). 

(Differential and Integral Calculus.) 

[Full marks may be obtained for about three -fourths of this paper. 
Great importance is attached to accuracy. '\ 

1. Starting from first principles, find the values of — , (i) when 

dx 
u = X™, for all real values of ot ; (2) when u = log x. 

2. Explain what is meant by different orders of infinitesimals. If a 
side of a regular polygon inscribed in a circle be a very small magnitude 
of the first order in comparison with the radius, show that the difiFerence 
between the circumference of the circle and the perimeter of the polygon 
is a small magnitude of the second order. 

3. U ata.nx = b tuny, express -^ in terms of y and of the constants 

dy 
a, b. 

4. If /2 = a^cos^ e + b^ sin2 0, prove that « + ^ = ^. 

de^ p^ 

5. Explain Lagrange's theorem on the limits of Taylor's theorem. 
Give an instance in which the expansion according to Taylor's theorem is 
shown by Lagrange's theorem to be inapplicable. 
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6. Find an expression for the length of the subtangent at any point on 
the curve 

xjfi = a\a - x), 

and find the point at which the subtangent has a maximum length. 

7. Define the pedal of a curve with respect to any point. 
Find the equation to the pedal of the curve 

8. In the curve 

find the position of the asymptotes, and also the direction of the tangents 
at the origin. 

9. Find the values of the following integrals : 

/ sin^jK dx, I log X dx, \ ~^ — - — -. 

J J Jx^ + x-6 

10. Find the values of the definite integrals : 

P ^ f^ ■ ^ C dx 
I cosjrafx, / xsmxdx, j -. 

Jo Jo Jo 1+x + x' 

11. Show how to express the area of a curve whose equation is given 
in polar coordinates. 

Find the area of a loop of the curve ;- = o cos 39. 

12. Find the length of an arc, measured from the vertex, of the semi- 
cubical parabola ay^ = ifi. 



VIII. STATICS. 



1. Enunciate and prove the proposition known as the Triangle of 
Forces. Construct geometrically the directions of two forces 2P and t,P 
which make equilibrium with a force ^P whose direction and point of 
application are given. 

2. Forces act in one plane on a particle ; show how to find the 
magnitude and direction of their resultant. 

13 
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ABCD is a square; forces of I lb., 6 lbs., and 9 lbs. act in the 
directions AB, A C, and AD respectively : find the magnitude of their 
resultant correct to two places of decimals. 

3. A light triangular frame ABC stands in a vertical plane, C being 
uppermost, on two supports A, B, in the same horizontal line, and a weight 
of 18 lbs. is suspended from C. If AB = AC=6 feet, and BC=e, feet, 
find the pressures on the supports. 

4. If four forces in equilibrium be parallel, two and two, prove that 
they form two unlike couples of equal moment. 

A uniform ladder 13 feet long rests with one end against a smooth 
vertical wall, and the other on a rough horizontal plane at a point 6 feet 
from the wall. Find the friction between the ladder and the ground, the 
weight of the ladder being 56 lbs. 

5. Find the centre of gravity of a pyramid, and show that it coincides 
with that of four equal particles placed at the angular points. 

6. A triangular lamina ABC, obtuse-angled at C, stands with its side 
AC in contact with a table : show that the least weight which, suspended 

from B, will overturn it = J W „^-^„ — — , where W= the weight of the 

triangle. 

Interpret the above if c'' be > a^ + 3^^. 

7. A light rod rests wholly within a smooth hemispherical bowl of 
radius r, and a weight W is clamped on to the rod at a point whose 
distances from the ends are a, b. Show that, if 9 be the inclination of the 

rod to the horizon in the position of equilibrium, then sin 6 = "~ ; 

2.>Jr^-ab 
and find the pressures between the rod and the bowl. 

8. Investigate the relation between the power and the weight in the 
case of a smooth screw. 

What must be the length of the power arm of a screw having six threads 
to the inch in order that the mechanical efficiency may be 216? 

9. State the laws of limiting friction. 

The poles supporting a lawn-tennis net are kept in a vertical position 
by guy ropes, one to each pole, which pass round pegs 2 feet distant from 
the poles. If the coefficient of limiting friction between the ropes and pegs 
be f , show that the inclination of the latter to the vertical must not be less 
than tan'^T^, the height of the poles being 4 feet. 

14 
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lo. Explain the terms virtual velocity and virtual moment of a force. 

A uniform beam AB of weight W, movable in a vertical plane about a 
hinge a.V A, is kept in a given position by a force P applied at the end of a 
string PCB passing over C, a pulley vertically above A, and at a distance 
AC = AB. Showr that, if the system be slightly displaced owing to a small 
change in P — 

PxP's virtual velocity + IVx IVs virtual velocity = o. 



IX. DYNAMICS. 



[ 7'Ae measure of the acceleration of gravity may be taken to be 32 when 
a foot and a second are the units of length and time. ] 

\Great importance will be attached to accuracy.^ 

1. Compare the velocities of the extremities of the hour, minute, and 
second-hands of a watch, their lengths being -48, "8, and "24 inches 
respectively. 

2. Enunciate and prove the proposition known as the Parallelogram 
of Velocities. 

Two points describe the same circle in such a manner that the line 
joining them always passes through a fixed point : show that at any moment ■ 
their velocities are proportional to their distances from the fixed point. 

3. Find the space described in time / by a particle projected with 
velocity «, subject to a constant acceleration f in the direction of its 
motion. 

If a, b, c, be the spaces described in the /th, ^th, and rth seconds, 
prove that a(q-r) + b(r-p) + c(p-q) = o. 

4. If the acceleration due to gravity be taken as the unit acceleration, 
and the velocity generated in one minute as the unit of velocity, find the 
unit of length. 

5. Two weights, P, Q, are connected by a vi'eightless string which 
passes over a smooth pulley : find the acceleration and the tension of the 
string. 

Two strings pass over a smooth pulley; on one side they are each 
attached to a weight of S lbs., and on the other to weights of 3 lbs. and 
4 lbs. respectively ; find their tensions, 

15 
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6. A body is projected in a given direction with a given velocity; 
find the range on a given inclined plane passing through the point of 
projection. 

The angular elevation of an enemy's position on a hill h feet high is /3 : 
show that, in order to shell it, the initial velocity of the projectile must not 
be less than \/j-/4(H-cosec;8). 

7. A ball of mass m moving with velocity u impinges directly upon a 
ball of mass m' moving with velocity a' : find the velocities of the balls 
after impact, e being the coefficient of elasticity. 

Two equal marbles A, B, lie in a horizontal circular groove at opposite 
ends of a diameter. A is projected along the groove, and after a time 
t impinges on B : show that a second impact will take place after a further 

interval — > 

e 

8.. A particle slides down a smooth curve in a vertical plane under the 
action of gravity : find the velocity of the particle in any position. 

A bead slides on a wire bent into the form of a parabola whose axis is 
vertical and vertex upwards ; if the bead be just displaced from its position 
of equilibrium, then at any subsequent time its velocity will vary as its 
distance from the axis. 

9. A particle weighing J oz. rests on a horizontal disc and is attached 
by two strings 4 feet long to the extremities of a diameter. If the disc 
be made to revolve 100 times a minute about a vertical axis through its 
centre, find the tension of each string. 

10. A train weighing 200 tons is running at 40 miles an hour down an 
incUne of I in 120 : find the resistance necessary to stop the train in half 
a mile. 
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OBLIGATORY EXAMINATION. 



I. EUCLID (Books I.— IV. and VI.). 

[Ordinary abbreviations may be employed ; but the fnethod of proof must be 
geometrical. Great importance will be attached to accuracy. 1 

1. If two triangles have two sides of the one equal to two sides of the 
other, each to each, and have likewise their bases, or third sides, equal ;. 
the angle which is contained by the two sides of the one is equal to the 
angle contained by the two sides, equal to them, of the other. 

ACB, ADB are two triangles, on the same base AB and on the same 
side of it ; AC is equal to BZ>, and AZ> to BC; and AD, BC intersect in 
O: prove that the triangles OAB, OCZ) are each isosceles. 

2. If a straight line falls upon two parallel straight lines, it makes the 
alternate angles equal to one another, the exterior angle equal to the interior 
and opposite angle on the same side of the line, and the two interior angles 
on the same side of it together equal to two right angles. 

AB and CD are any two diameters of a circle ; prove that, if C and D 
be joined to B, the straight lines CB, DB will bisect the angles made with 
AB by a straight line through B parallel to CD. 

3. If a parallelogram and a triangle are on the same base and between 
the same parallels, the parallelogram is double of the triangle. 

Construct the greatest triangle which has two of its sides equal to two- 
given straight lines each to each. 

W. P. I G 
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4. If a straight line is bisected and produced to any point, the rect- ' 
angle contained by the whole line thus produced and the part produced, 
together with the square on half the line bisected, is equal to the square on 
the line which is made up of the half and the part produced. 

Find a point D in AB produced so that the rectangle AD, DB shall be 
equal to the square on a given straight line which is greater than half AB. 

5. If a straight line is divided into two equal parts, and also into two 
unequal parts, the squares on the unequal parts are together double of the 
square on half the line, and of the square on the part between the points of 
section. 

6. The angles in the same segment of a circle are equal to one 
another. 

If two segments of circles have a common chord AB, and any .points P 
and Q are taken on their arcs, the locus of the point of intersection of the 
bisectors of the angles FAQ, PBQ is another segment of a circle on the 
same chord AB. 

7. Upon a given straight line describe a segment of a circle, which 
shall contain an angle equal to a given rectilineal angle. 

8. Describe a circle about a given triangle. 

Show that, if the centre of the circle described about a triangle coincides 
with the centre of the circle inscribed in it, the triangle must be equilateral. 

9. The sides about the equal angles of equiangular triangles are pro- 
portionals, those sides being homologous which are opposite to the equal 
angles. 

A and B are the points of intersection of two circles ; CA Z> is a chord 
through A ; and BC, BD are drawn : prove that ^C is to BD as thf 
diameter of the circle ABC is to that of the circle ABD. 

10. Similar triangles are to one another in the duplicate ratio of their 
homologous sides. 

Of two equilateral and equiangular hexagons, one is inscribed in a 
circle and the other is described about the same circle : prove that the 
areas of the hexagons are to one another in the ratio of 3 : 4. 

11. In any right-angled triangle, a rectilineal figure described on the 
side subtending the right angle is equal to the similar and similarly described 
figures on the sides containing the right angle. 

Explain the term "similarly described." 
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II. ARITHMETIC. 

(Including the use of Common Logarithms.) 

[N.B. — Great importance is attached to accuracy. Candidates are expected 
to use Arithmetical methods of solution.'] 

1. Divide 10101255 by 2185, and explain the process. 

2. Give a definition of Multiplication vifhich shall include the multipli- 
cation of one firaction by another. 

Simplify the expression ^ x — O!. 
7i Stt 

3I Find the Greatest Common Measure, and the Least Common 
IVJultiple of the numbers 15496 and 12665, and shovir, by general reasoning, 
that these four numbers form a proportion. 

., 4.; Multiply 4"3276i5 by "003248, and divide '292262016 by 327648. 

5. Find the rent of a piece of ground covering 14 acres 16 poles 22 sq. 
yards 6 sq. feet at ;^3. os. dd. per acre. 

6. Explain what is meant by a Recurring Decimal, and find the vulgar 
fractions equivalent to the decimals, '123, 11 •1234, and '0034568. 

7. Reduce ^ of 4 guineas to the fraction of £"], and ;^3. 17^. i^d., to 
the decimal of £,6, to eight places of decimals. 

8. Find the Square Root of 199-6569. 

When a regiment of 962 men is dravi'n up in a solid square, one man is 
left out ; find the number of men in the face of the square. 

9. A can do a piece of work in 1 1 days, B in 20 days, and C in 55 
days ; hovir soon can the work be done if A is assisted by B and C on 
alternate days ? 

10. Find the cost of carpet 2 feet 3 inches wide for a room 20 ft. 3 in. 
long by 13 ft. 4 in. wide, at 5^. a yard. 

11. If the simple interest on £i,T,'lZ. 6j. %d. for ij years be ^^246, 
what is the rate per cent. ? 
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12. Find the discount on ;^5i. 15^. \od., due 4J years hence, at 3 per 
cent. , simple interest. 

13. A gravel walk 6 feet wide runs round a grass-plot 60 feet long and 
40 feet wide. If gravel is 3^. per cubic yard, find the cost of a, coat of 
grave) on the path 3 inches deep. 

14. A person transfers £i,%(>'i from the 3^ per cents, at 93! to the 
3 per cents, at 87J. Find the change in his income. 

15. Explain what is meant by the characteristic of a logarithm, and 
state the rule for finding the characteristic of the logarithms to base 10 of 
the numbers less than unity. 

16. Find the logarithms to the base 2 of 

64, gij, and V32. 

1 7. Find from the tables the logarithms of 35726 and 357 '26437. 

18. Find from the tables the number whose logarithm is 4-9220534. 

19. Employ the tables to find the value of the product of 52*4574 by 
378472. 

20. Employ the tables to find the mean proportional between 33"549 
and 44*642. 

21. Employ the tables to find the value of the expression 

(5 ■7432)1-246. 

22. A tricycle, going at the rate of 5 miles an hour, passes a milestone, 
and 14 minutes afterwards, a bicycle, going in the same direction at the 
rate of 12 miles an hour, passes the same milestone; find when and where 
the bicycle will overtake the tricycle. 



III. ALGEBRA. 



{Including Equations, Progressions, Permutations and Combinations, and 
the Binomial Theorem.) 

[N.B. — Great importance is attacked to accuracy.'^ 

I. Find the value of 

jc* - t,3^ - I2x^ - i^x - "J when x = -l^i!^Ll?. 
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2. Find the factors of 

{a + b + cf-a^-^-y^-fi and oi 3^-y^-{x-yf. 

3. Reduce to its lowest terms 



2x*+ i7^ + 3ox2 + 8jt:-S 
^+4^2 - i%x^ - 2<)x - lo' 



Simplify 



,. , ()X^ - <,xy - ^y'' i^x^ + 8xy- I2y^ 
I4x''-23xy + 3y'''' i5x^ + ^7xy + 6y^' 



(ii.) 



ai(6-c){c-a) ac{a - b)(b - c) bc{a-b)(c-a) 



5. Apply the process for extracting the square root to find m and 11 
when x^ + ax^ + mx'+cx + n is a complete square. 

6. If the roots of the equation 

(i-?+^\x;'+p(i + ^)x + s{?-i) + ^ = o 
are equal, show that/^ = 4^. 

7. Solve the equations 

{a) ^_ + ^=^3_. 
x+io x + 4 x + 7 

(b) 1J2X + 6 - s]x -1=2. 

J, a\x-b) ^ b\x-a) _^., 
a — b b - a 

8. Find the value of 

(4+Vi5)^+(4->/i5F . 

9. The metal of a solid sphere, radius r, is made into a hollow sphere 
whose internal radius is r ; required its thickness. [The volume of a sphere, 
radius r, is firr'.] 

10. Two rectangular lawns have the same area {ffi), but the perimeter 
■of the one is one-fourth longer than that of the other, which is a square ; 
required its dimensions. 
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11. If the sum of the first p terms in an A.P. =?o the sum of the next 

? terms ^-^'^ + ?'?. 
p-l 

12. Is the coefficient of ^ in the expansion of (i -x)"^ equal to the 
number of combinations of (» + f) things tak^n r together ? 

If not, amend the proposition, and prove it. 



IV. PLANE TRIGONOMETRY. 

(Including the Solution of Triangles. ) 

[N.B. — Great importance will be attached to accuracy.'^ 

1. Define the circular measure of an angle. 

Taking it = -V-, calculate the number of degrees, minutes, and seconds 
in the unit of circular measure. 

2. Prove geometrically that cos 2a = cos^a - sin^ct. 
Find the value of cos 15°, and prove that 

(sec 15° + cosec 1 5°)^ = 24. 

3. Write down a single expression for all the angles which have the 
same cotangent as the angle a ; and give, in a single expression for 6, the 
complete solution of the equation 3 tan^29 = i . 

4. Prove the following formulae 

cos%a{l+tB.nia,)^= I +sin a, 
4(cos'io° + sin%o°) = 3(cos 10° + sin 20°), 

and express 4 cos a cos - cos 5- as the sum of four cosines. 
22 

5. Determine x from the equation sin cof^J = tan cos"'v/x ; and prove 
that if a = tan"^^, |8 = tan"^-J-, then cos 2a = sin 4/3. 

6. A£C is an isosceles triangle, right angled at C D is the middle 
point of AC. Prove that DB divides the angle B into two parts whose 
cotangents are as 2 : 3. 

6 



OBLIGATORY. PLANE TRIGONOMETRY. [June, 1888 

7. Prove that in any triangle c = a cos B-k-b cos A. 
From this and the two corresponding formula 

« = ^cos C+ccos^, iJ = rcos/i + fflcos C 
deduce the " Rule of Sines." 

8. Prove that in any triangle 

b — c aA c — a „B , a — b nC „ 

COS'' — I cos*' — I cos''- =0. 

a 2 b 2 c ^ 2 

and if the sines of the angles are as 13 : 14 : 15 find the ratio of the cosines. 

9. Obtain the expression for the area of any triangle in terms of the 
sides. 

If the sides of a triangle are in Arithmetical Progression and its area 
= f ths of the area of an equilateral triangle of the same perimeter, prove 
that its sides are in the ratio 3:5:7. 

10. Given two sides of a triangle and . the included angle, obtain a 
formula, adapted to logarithmic computation, which will enable us to 
determine the other two angles. 

Given ffi = 2-7402, 1^=7401, C=59°27'5", solve the triangle completely, 
with the aid of the logarithm tables supplied. 

11. The extremity of the shadow of a flagstaff 6 feet high, standing on 
the top of a regular pyramid on a. square base, just reaches a side of the 
base and is distant 56 feet and 8 feet from the extremities of that side. If 
the height of the pyramid be 34 feet, find the sun's altitude. 



[Logarithm Tables to seven figures vjere supplied. ] 
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FURTHER EXAMINATION. 



V. PURE MATHEMATICS (i). 

(Analytical Geometry, Conic Sections, and Solid Geometry.) 

\_FuU marks may be obtained for about four-fifths of this paper. Great 
importance is attached to accuracy. '\ 

1. When are two non-intersecting straight lines said to be at right 
angles ? 

If the two edges AB, CD of a pyramid be at right angles, show that 
AC'' + BD'^ = AD'^ + BC\ 

2. Prove that the plane angles which contain any solid angle are 
together less than four right angles. 

3. Define a right circular cone, and show that if a plane be drawn 
through any two generating lines which intersect at an angle 2/3, it will 
touch a fixed cone whose vertical angle = 2cos"'{cosasec;8}, 2a being the 
vertical angle of the given cone. 

4. Show that any section of a cylinder by a plane not parallel or 
perpendicular to the axis is an ellipse. 

If ^1, e^ be the eccentricities of two sections at right angles and having 
a common minor axis, show that 



5. If a right cone be cut by a plane, find under what conditions the 
section will be a parabola, and give (without proof) a construction for 
determining the position of its focus. 

6. The tangents drawn from any point on the directrix of a conic 
subtend right angles at the corresponding focus. Prove this, and show that 
if TP, TQ be the two tangents the conic will be a parabola, ellipse, or 
hyperbola, according as the angle PTQ is equal to, less or greater than, a 
right angle. Examine, with particular care, the case of the hyperbola. 

8 
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7. In an ellipse, if CD be a semi-diameter conjugate to CP, show that 

CP-^+CD^ = AC'^-^BC^. 

8. Investigate an expression for the area of a triangle in terms of the 
coordinates of its three angular points. 

E, F, G, J/a.re points in the four sides of a square ABCD, such that 
AE = \AB, BF=IBC, CG = iCD, DH=\DA. Show that the area of 
the quadrilateral EFGH is equal to that of a square whose side = J of the 
side of the given square. 

9. Find the angle between the two straight lines whose equations are 

y = m-^x + fj 
and y = m^ + c^. 

Show that (2, - l) (o, 2) (3, o) (-1, l) are the coordinates of the 
angular points of a parallelogram and find the angle between its diagonals. 

10. Find the equation of a parabola in the form j^ = 4ax, the vertex of 
the curve being the origin. 

If PQ be a double ordinate of the parabola, find the locus of its points 
of trisection. 

X^ 1/2 

11. Investigate the equation of the normal to the ellipse -f + j^ == i, at 
the point whose coordinates are x', y'. 

If CP, CD be conjugate semi-diameters, and CP = tjab, show that the 
normal at D touches the circle whose equation is 
x'+y'^ = {a-bf. 

12. What loci are represented by the equations 

(i. ) x\_{'2x-\-y'f' -(x + a)(x-a)\ = o; 
(ii.) x'^+y'^ + ^{x-i)-2x+i=o; 
(iii.) x-aB + be'^, 
y = be + ae^; 
where 9 is a variable parameter ? 
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VI. PURE MATHEMATICS (2). 

(Further Questions and Problems on the Subjects of the Qualifying 
Examination, and Theory of Equations.) 

[Full marks may be obtained for about four-fifths of this paper. Great 
importance is attached to accuracy. '\ 

1. Solve the equations ' 

flx + f_j/ + fe = a"j 
cx-'rby-Va% = b \ 
hx + dy+ cz- c] ■ 
and find x, y, z in their simplest forms. 

2. Sum the series 

(i.) I. 3 + 3 -5 + 5 -7+ to » terms. 

(ii.) -H 1 + to infinity. 

2-3 3-4 4-5 

3. Write down an expression for «* arranged according to ascending 
powers of x, and thence deduce a series for log (l+x). 

Obtain the first four terms in the expansion of log ( 1 V accord- 

ing to ascending powers of x. 

4. State the law for the formation of the successive convergents to a 
continued fraction. 

Express the continued fraction 2 + - - - — h as a quadratic 

3+4+3+4 ^ 

surd. 

5. Prove that the arithmetic mean of n positive quantities is greater 
than their geometric mean. 

Show that (be + ca + abf is not less than yibc{a -(- 3 + c). 

6. Find the number of permutations of n things taken r at a time. 

How many different words of two consonants and one vowel can be 
formed from the letters in the word Woolwich ? 
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7. Show that the equations 

jc'+jt^ + xs -6 and oi^ - :fi + x^ -V 2x - (> 
have two imaginary roots in common, and solve the equations. 

8. Solve the equations 

(i.) jr(^-4) = <7(a2-4). 

(ii.) ^ + .r2+ I =1^(^+1). 

9. Show that the limit of ?5E_? when B is indefinitely diniinished is. 

unity. 

Find the angles of an isosceles triangle whose equal sides are a and 
whose base = o( i + X) where \ is a very small fraction. 

If X = '022, show without tables that the base angles = 59°. 16' nearly. 

10. Investigate an expression for the radius of a circle which touches 
one side of a triangle and the other two sides produced. 

If ri, r^, rg be the radii of the .three escribed circles, and 

show, that the triangle must be right-angled. 

11. Prove Demoivre's Theorem in the case of a positive index, and 

2cosS = x + ~, show that 2cos»S = Jr" + — . 
X x'' 

12. The altitudes of a tower are observed at two points A, B, 120 feet 
apart, situated in a line with the foot of the tower, to be 6, 2.9, and at a 

. point midway between them to be 45°. Show that the height of the tower 
= io9'.37 feet, nearly. 
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VII. PURE MATHEMATICS (3). 

(Differential and Integral Calculus.) 

\_Full marks may be obtained for about four-fifths of this paper. Great 
importance is attached to accuracy. \ 

1. Differentiate the expressions 

tan -1-7^==, log (x + Vx2 - a^) + sec " i-. 
V I -x' a 

2. If sin~^_j/ = »?sin"^^, prove that 

{Y-x-^)p.-x'^J.+m^y = o. 
ax' dx 

3. Expand tan"^^ in a series of ascending powers of ;<:, and show that 
the expansion is inapplicable when x>\. In this latter case show how to 
■expand the function in an infinite series. 

4. Explain the method of determining the maximum or minimum 
values of a function of a single variable ; and find the maximum or minimum 
values of 

/^+9 .andofMf. 
x'-\-e,x-^\o X 

5. Prove that, in the parabola, j;/^ ^ 4^^^ tjjg igngth of the subnormal 
IS constant; and in the logarithmic curve, j = a% the subtangent is 
constants 

6. Find the equation of the tangent at any point on the curve 
.^ny,_^m+m . ^nd show thafthe portion of the tangent intercepted by the 
coordinate axes is divided in a constant ratio at the point of contact. 

7. Find the length of the radius of curvature at any point on an 
ellipse. 

8. If a curve be referred to polar coordinates, prove that at a point of 
inflexion we have 



d^ 



©... 



rf<>^^+r°- 
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9. P'ind the following integrals : 

/ — , I sin^rfx, I X log xdx. 

10. Evaluate the definite integrals : 

/■^ • 2 J n dx r dx 
I sm^xdx, I , / 

jo Jo >Jx-x^ Jo S + 4cos;i; 

1 1. Find the whole area of eitAer of the curves : 

(I) aY = A2a-x). 



« (i)'Kfl'- 



12. Determine the length of any arc of a parabola measured from its 
vertex. 



VIII. STATICS. 



1. Assuming that the resultant of two equal forces bisects the angle 
between them, prove that the resultant of two forces, one of which is 
double the other, acts in the diagonal of the parallelogram of which they 
are sides. 

2. A straight uniform lever, weighing 10 lbs., rests on a fulcrum one- 
third of its length from one end ; it is loaded with a weight of 4 lbs. at that 
end ; find what vertical force must act at the other end to keep the lever 
at rest. 

3. Four forces act along the sides of the rectangle ABCD, and are 
measured by those sides ; the first three, AB, BC, CD, act in a contrary 
sense to the fourth, AD. Find their resultant and its line of action. 

4. Three forces, PA, PB, PC, diverge from the point P; and three 
others, AQ, BQ, CQ, converge to the point Q. Show that the resultant 
of the six is represented in magnitude and direction by Z^Q, and passes 
through the centre of gravity of the triangle ABC. 

13 
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5. It is required to decompose a force whose magnitude and line of 
action are given into two equal forces passing through two given points. 
Give a geometrical construction for solving the problem (i) when the two 
points are on the same side of the line ; (2) on opposite sides. 

6. Two uniform rods, AB, BC, jointed together at B, are placed in a 
horizontal line, ABC, and supported by two props, one at A, the other 
between B and C. Determine the position of the latter, given the lengths 
and weights of the two rods. 

7. A weight is supported on a smooth inclined plane by a force acting 
along the plane. Find the force, also the pressure on the plane. 

If the plane be rough, prove that this pressure is unaltered ; and explain 
how far the force may be determined. 

8. Three given weights are rigidly connected together ; prove that the 
resultant weight always passes through one point, fixed as regards "the 
weights, however the system be displaced in the plane of the weights. 
Does this hold if the system be displaced out of its original plane ? 

9. Two weights, joined by a string passing over a pulley, rest on two 
smooth inclined planes of the same height, and whose highest joints 
coincide at the pulley. Apply the principle of virtual velocities to show 
that the weights are as the lengths of the planes, and that, however they 
are displaced, their centre of gravity moves horizontally. 

Determine by the same principle whether these theorems hold when the 
pulley is not at the vertex of the planes. 

10. Four weightless rods are freely jointed together, forming a quadri- 
lateral ABCD. If two equal and opposite forces are applied at two points, 
one on the rod AB, one on the opposite rod CD, determine the conditions 
that they shall balance each other. 

If, instead of forces, two equal and opposite couples be applied to the 
rods AB, CD, what is necessary for equilibrium ? 

State generally in each case what will happen if the conditions are not 
satisfied. 



\ 
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IX. DYNAMICS. 

[The measure, of the acceleration of gravity .may be taken to be 32 when 
a, foot and a second are units of length and time. Great importance 
will be attached to accuracv.'\ 

1. Define uniform velocity and uniform acceleration, and state how 
each is measured, 

2. A body whose weight is W lies on a smooth table. What hori- 
zontal force applied to it will cause it to move with unit acceleration, a foot 
and a second being the units of space and time ? 

3. From a train moving with velocity V, a carriage on a road parallel 
to the line, at a distance d from it, is observed to move so as to appear 
always in a line with a more distant fixed object, whose least distance from 
the railway is D. Find the velocity of the carriage. 

4. A particle moving from rest with (unknown) uniform acceleration 
acquires a velocity v in the time t ; find the space described, 

5. A particle is projected vertically upwards with a velocity u ; find the 
height it will reach. 

Show that the velocities with which it passes through any assigned 
point, in its ascent and fall, are equal. 

6. Find the conditions that two given non-elastic balls, on striking 
each other, shall both be reduced to rest. If they are perfectly elastic, 
what will happen after the collision ? 

Show this directly, without employing general formulas. 

7. State (and prove) with what acceleration a particle will fall down a 
smooth inclined plane. State also (without proof) the acceleration, if the 
plane be rough : given /i the coefficient of friction. 

A heavy slab whose under surface is rough, but the upper smooth, slides 
down a given inclined plane. Find the acceleration with which a small 
particle laid on its upper surface will move along the slab. 

8. If a train ascends a gradient of i in 40 by its own momentum for 
a distance Of i mile, the resistance from friction, etc., being 10 lbs. per ton, 
find its initial velocity. 

IS 
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9. Find the greatest range which a projectile with an initial velocity of 
1,600 ft. per second can attain on a horizontal plane. 

Show also that for a small difference of elevation, not exceeding 10', 
whether of excess or defect, the range attained will fall short of the 
maximum by less than \\ feet. 

10. A body of mass m is placed at a distance R from a centre of force 
O, which attracts it with a force P. . Find the velocity and direction with 
which it must be started so as to describe a circle round 0. 

If the force of attraction, for different distances, varies inversely as the 
squares of the distances, and for different bodies, directly as their masses, 
prove that if several bodies move round in concentric circles, the squares 
of the times of revolution are as the cubes of the radii, 
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Pogd jaUitarg Jtcabcmg, Moolbokh, 

November, 1888. 



OBLIGATORY EXAMINATION. 



I. EUCLID (Books I.— IV. and VI.). 

[Ordinary abbreviations may be employed, but the method of proof must be 
geometrical. Proofs other than Euclid's must not violate Euclid's 
sequence of propositions. Great importance will, be attached to accuracy. ] 

1. Define a right angle, and a rhombus. 

If, at a point in a straight line, two straight lines on opposite sides of it 
make the adjacent angles together equal to two right angles, they are in the 
same straight line. 

A OB, COD are two intersecting straight lines, and each of the figures 
AOCE, BODF \% a rhombus. Show that the straight line ^i^ passes 
through 0, and that AC, BD are parallel. 

2. The opposite sides and angles of a parallelogram are equal, and 
either diagonal bisects it. 

Straight lines drawn through A, C, the extremities of one diagonal of a 
parallelogram ABCD, respectively perpendicular and parallel to the other 
diagonal, intersect in E. Prove that BE = CD. 

W. P. I H 
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3. If a straight line be divided into any two parts, the rectangle 
contained by the whole and one of the parts is equal to the rectangle 
contained by the two parts, together with the square on the aforesaid part. 

The diagonal ^C of a square ABCD is produced to E, so that 
CE = BC. Prove that the square on BE is equal to the rectangle under 
AC,AE. 

4. Describe a square equal to a given rectangle. 

J. Explain iiilly how you establish the truth of the proposition that 
"the straight line drawn at right angles to a diameter of a circle at its 
extremity touches the circle." 

Describe a circle passing through a given point, and also touching 
a given circle in a given point. 

6. The angle in a, semicircle is a right angle ; the angle in a segment 
greater than a semicircle is acute ; the angle in a segment less than a semi- 
circle is obtuse. 

The circle described with centre A and radius AB, cuts the circle 
circumscribing the rectangle ABCD in the point E. Show that CE is 
equal to AD, and that DE is parallel to A C. 

7. From a given circle, cut off a segment which shall contain an angle 
equal to a given angle. 

5. Describe a circle about a given equilateral and equiangular 
pentagon. 

9. If an angle of a triangle be bisected by a straight line which cuts 
the base, the segments of the base have the same ratio which the sides of 
the triangle have to one another. 

Prove that the radius of the circle inscribed in any isosceles triangle 
has the same ratio to the perpendicular altitude as the base of the triangle 
has to its perimeter. 

10. On a given straight line construct a quadrilateral figure similar and 
similarly described to a given quadrilateral figure. 

11. One of the sides containing the right angle of a triangle is double 
of the other, and circles are described having these two sides as diameters. 
Show that the length of their common chord is two-fifths of the hypotenuse 
of the triangle. 

12. In equal circles, angles, whether at the centres or at the circum- 
ferences, have the same ratio to one another as the arcs on which they 
stand. 
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II. ALGEBRA. 

(Up to and including the Binomial Theorem ; the theory and use of 
Logarithms. ) 

1. Simplify the expression 

{{,a + b){a + b + c) + fi\{{a + b\-'-fi\ 

2. Show that 3? + }^ -V ^ - ycyz is divisible exactly by x+y-^z; and 
hence, or otherwise, show that 

{f>-cf-^{c-a:f-^{a-bf^J,{b~c){c-a){a-b). 

3. Find the highest common factor of i6x* + 36jr'' + 8i and 8jr' + 27: 
and write down the least common multiple of 8^1:^ + 27, i6j;* + 36x' + 8i, 
and (sx^ - 5J1; — 6. 

4. Extract the square root of 

4jir2a-2+i6.*-V- laf -24- + 25. 
a X 

5. Determine what relation must hold between o, b, and c in order 
that the roots of the equation ax''+bx-\-c = o may be real and different. 

If a, b, c, X are all real quantities in the equation 
(a" + ^2) jc2 - 2i((j + f )x + *2 + f 2 = o, 
prove that a, b, c are in G.P., and that x is their common ratio. 

6. Solve the equations 

(2) _^+_^-2 = o; 
x-a x-b 

x+y + z = ig \having given that j is a mean pro- 
x^+y+z'= 133/ portional to x and 2. 

7. Two casks, A and B, are filled with two kinds of sherry, mixed in 
cask A in the ratio 2 : 7, and in cask B in the ratio 1:5; what quantity 
must be taken from each to form a mixture which shall consist of 2 galls, 
of the first kind and 9 galls, of the second ? 
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8. Prove the formula for the sum of n terms of an Arithmetic Pro- 
gression whose first and last terms are given. 

If Ji, jj, jj, etc. , are the sums of m Arithmetic series, each to n terms, 
the first terms being I, 2, 3, etc., respectively, and the differences i, 3,-5, 
etc., respectively, show that 

9. The number of combinations of n letters, taken 5 together, in which 
u, b, c occur is 21. P'ind the number of combinations of them, taken 6 
together, in which a, b, c, d occur. 

10. Write down the two middle terms in the expansion of 

and show that, if jr be a small fraction, 

y/T+I + Vd-j:)' ' 

is very nearly equal to I - \x. 

11. Prove that the logarithm of the quotient of two numbe.rs is the 
difference of the logarithms of the numbers. 

If the logarithms of a, b, c be respectively /, q, r, prove that 

Ifi-r l,r-p f^-i - J 

Prove that log tt - 2 log | + log ^-^ = log 2. 

12. If the number of persons born in any year equals ^th of the 
whole population at the beginning of the year, and the number who die 
equals ^V'h of it. find in how many years the population will be doubled. 
[Use the logarithm tables supplied.] 
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III. PLANE TRIGONOMETRY AND MENSURATION. 

(Including the Solution of Triangles.) 

[N.B. — Great importance will be attached to accuracy. Questions i, 8, 9, 
10, 1 1 may be worked with the aid of the logarithm tables supplied.l 

1. Prove that, to turn circular measure into seconds, we must multiply 
by 206265 ; and, to turn seconds into circular measure, we must multiply 
by '000004848, approximately. [7r = 3'i4i59265...] 

Determine the circumference and the diameter of the Earth in geo- 
graphical miles [60 to a degree of latitude], each degree subtending 1° at 
the centre of the Earth. 

2. Define the sine, cosine, tangent, cotangent, secant, cosecant, and 
versed sine of an angle, illustrating by reference to a figure ; and express 
them all in terms of the secant. 

Construct a table showing their values for angles of 0°, 30°, 45°, 60°, 
90°, 120°, 180°. 

3. Prove that 

(i. ) cos(a + /3) = cos a cos ^ - sin a sin |8 (by geometrical construction) ; 
(iL) tan a - tan ^ = sin (a -/S) sec a sec ^; 



(iii.) sece + tane=./('i±ij^'\=tan(j7r + 49). 
\ \I -smS/ 



4. Determine, in circular measure, all the angles given by the equation 

cos 9 - sin S = ^2. 

Prove that, if cos = tan 0, 

then sin S = 2 sin — 

! 10 

5. Construct a table expressing the inverse trigonometrical functions 
in terms of each other. 



Prove that 

cos' 



1 /a-^_,;n-i lx-b_ ..1 la-x 
-2''" M^-i) ■ 
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6. Prove that, if 



then 



-, - 2^ COS a +-^5 = sin a)-, 
a^ all B' 



7. Prove that, in every triangle, a cosec A = b cosec B = c cosec C = the 
diameter of the circle circumscribing the triangle. 

In determining the distance of a far object C, a base AB is measured, 
and the angles ABC, BAC are observed, each angle being very nearly a 
right angle. Prove that the distance may be taken to be 
AB cosec (1^0° -ABC -BAC). 

8. Given the sides a, i, '■ of a triangle, write down expressions for 
determining the 9,ngles and the area of the triangle, and the radii of the 
circles touching its sides. 

Given, in feet, a = 10, i = 24, c = 26, determine the angles, in degrees 
and minutes, and the area of the triangle, in square feet. 

9. From a. boat the angles of elevation of the highest and lowest 
points of a flagstaff, 30 feet high, on the edge of a cliff are observed to be 
46° 12' and 44° 13' ; determine the height of the clitf and its distance. 

10. Determine the diameter of a cylindrical gasholder to contain 10 
million cubic feet of gas, supposing the height to be made equal to the 
diameter ; and determine in tons the weight of iron plate, weighing 2j 
pounds per square foot, required in the construction of the gasholder, 
supposing it open at the bottom, and closed by a flat top. 

11. Determine the number of cubic yards in a bank of earth on a 
horizontal rectangular base 60 feet long and 20 feet broad, the four sides 
of the bank sloping up to a ridge at an angle of 40° to the horizon. 
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IV. STATICS AND DYNAMICS. 

. I. Show how to place three forces, represented by the numbers 3, 4, 
5, at a point so as to balance each other. 

Would it be possible for the forces 2, 3, 5 to make equilibrium ? 

2. Three equal forces, P, diverge from a point, the middle one being 
inclined at an angle of 60° to each of the others. Find the resultant of 
the three. 

3. A uniform lever, weighing 30 lbs. and 16 feet long, is loaded at 
either end with weights of 20 and 30 lbs. respectively. Find where the 
fulcrum must be placed for equilibrium. 

4. Prove that the moments of any two non-parallel forces, about any 
point on their resultant, are equal and opposite. 

If two forces form a couple, show that the algebraical sum of their 
moments about any point in the plane is constant. 

5. Show how a weight of 2 lbs. can be balanced by a weight of I lb., 
by means of pulleys ; and show that the former will rise through half the 
space which the latter descends. 

6. State, and prove, what power acting along a smooth inclined plane 
is required to support a weight resting on the plane. 

A heavy string is placed with part of it resting on a given inclined 
plane, the remaining part hanging vertically over a small pulley at the top 
of the plane. Find the point of the string which must be placed over the 
pulley, for equilibrium. 

7. Explain, and prove, the Parallelogram of Velocities. 

Decompose a given velocity, v, into two components whose directions 
are each inclined at 30° to its own. 

8. What is meant in Dynamics by the Mass of a body? What result 
of observation proves that the Weights of all bodies are proportional to 
their Masses? 
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9. Explain clearly what is meant by saying that g = 32, where g is the 
accelei-ation due to gravity. 

If the unit of time were altered to 2 sec, what would be the value of ^; 

and why ? 

10. In what time will a body fall from rest through 100 ft. ? If it 
be retarded in its fall by the tension of a string attached to it, so as 
to occupy 5 sec. in the fall, what is the tension of the string, the weight 
being given ? 

11. A body falls freely through 100 ft. from rest, with what velocity 
will it reach the ground ? 

If, instead of falling from rest, it be projected downwards, so as to 
reach the ground with twice the former velocity, find the initial velocity. 

12. A ball is rolled across a smooth table, and leaves it with a given 
horizontal velocity. What curve does it describe during its fall ? . 

If V be the initial velocity, and A the height of the table, find the 
horizontal distance from the table of the point where the ball reaches 
the floor. 
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FURTHER EXAMINATION. 



V. PURE MATHEMATICS (l). 

\Full marks may be obtained for about four-fifths of this paper. Great 
importance is attached to accuracy. "l 

1. Show that, if from the focus of a parabola a perpendicular be drawn 
to any tangent, the point of intersection hes on the tangent at the vertex. 

Having given the extremities of a focal chord of a parabola, and also 
the focus find the position of the vertex. 

2. Prove that the area of the parallelogram of which two semi- 
diameters of an ellipse are adjacent sides is invariable, if the diameters be 
conjugate. 

Show that the sum of the lengths of two conjugate diameters of an 
ellipse is never less than the sum pf the lengths of the principal axes. 

3. Define a hyperbola by means of the relation between the distances 
of any point upon it from a given point and a given line, and deduce firom 
the definition the property that the difference between the focal distances 
of a point on the curve is invariable. 

Two circles in the same plane are external to each other. Show that 
the locus of the centre of a circle touching them externally is a hyperbola, 
and determine the position of the asymptotes. 

4. Prove that the focal radii of a point of a central conic section make 
equal angles with the tangent at that point. 

Show that an ellipse and a hyperbola which have the same foci cut one 
another at right angles. 
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5. Establish the focus and directrix property of the section by a plane 
of a right circular cone. 

Determine the eccentricity (i) of a circle; (2) of" pair of parallel 
straight lines. 

6. Find the rectangular coordinates of a point dividing in a given 
ratio the straight line joining two points with given coordinates. 

Examine the case when the given ratio = - i . 

7. The equations to two straight lines being given, find the equation 
to a straight line joining a given point to the point of intersection of the 
straight lines. 

Find the equation to the straight line passing through the origin and 
the intersection of the straight lines given by 

a o b a 

8. Show how to determine the points where the straight line repre- 
sented by 

y = mx + b 
cuts the locus of the equation 

When will the straight line touch the locus ? 

9. Find the equation to the normal to the parabola given by y"^ = ^x 
at the point whose coordinates are {x' ,}/). Show that not more than three 
normals can be drawn to a parabola. from a point in its plane. 

10. Show how to determine the pair of diameters common to the circle 
given by x'' +y'' = i" and the locus of ax' + by"^ + zhxy + r = o. Under what 
conditions will the diameters become coincident ? 

11. Determine the locus of the intersection of the straight lines 
given by 

a b a b 

t being a variable parameter. 

What connection is there between the angle ztan"^; and the point on 
the locus where the two straight lines intersect ? 
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12. Discuss and trace the loci of the following equations :— 

(i) {.yc-yf^dx-iy; 

, ^ a b 
X y 

(3) « = acos (ff + a),^ = ^cos(S + j8), where 9 is a variable parameter. 



VI. PURE MATHEMATICS (2). 

\_Full marks may be obtained for about four-fifths of this paper. Great 
importance is attached to accuracy.'\ 

1 . Find X in its simplest form from the equation 

Jt* - 3;t^ + 1=0. 

2. Prove that the greatest and least values of 

6x^-22j; + 2i 
5^2- 18X+17 

are f and I, corresponding to the values 1 and 2 al x. 

3. Find X, y, and z from the equations 

234 

X y z 

- + i + - = I, 

3 4 5 

X y z 
456 

Exhibit the solution also by means of determinants. 

4. Prove that, if ^ varies as B^ when C is constant, and if ^ varies 
as C" when B is constant, then will A vary as S^C when both B and C 
vary. Determine the resistance of the air to a projectile 16 inches in 
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diameter at a velbcity of 15CX) feet per second, supposing the resistance of 
the air varies as the square of the diameter and the cube of the velocity ; 
given that the resistance of the air to a projectile i inch in diameter at 
a velocity of 1000 feet per second is 2J pounds' weight. 

5. Prove that the equations 

j;H-j/ + 3 = 100, 

'.x^-y-V— = 100, 
20 

have only one solution in positive integers ; and determine this solution. 

A man bought 100 animals, consisting of oxen, sheep, and rabbits, for 
£,\ca ; the oxen costing ;^S, the sheep £1, and the rabbits is. each ; how 
many of each did he buy ? 

6. Resolve into partial fractions the expression 

x^ . 

{x-i){x-2)(x-3) ' 

and then expand the fractions in positive powers of x, v^riting down the 
■coefficient of*". 

7. Explain how the theorems 

(i. ) a'^xay= a'+i/, 
(ii.) a''-i-a' = a''-ti, 
(iii.) («'«)'• = ««•, 
(iv.) Va* = 3''"^', 
me established for all values of x, y, and r. 

Examine the truth of the following : — 

1 
(v. ) «'■' = V^ = e, 

(vi.) log[log{logj«'}]= I, 

the logarithms being to the base e. 

8. Determine x in degrees and minutes from the equation 

6cos*'+8sin jr = 9. 

Give also a graphical method of solution, the sketch being made 
freehand. 
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9. Prove that 

e - «Tr = tan - i(tan 0)S + ^(tan 6f-...; 
and determine the vah^e which must be given to n when 6 lies between 

i"^ and l'^. 
4 4 

10. Prove that, when resolved into real and imaginary parts, 

cos (« + iz') = cos a cosh w - 1 sin « sinh w, 

where coshz/ denotes \(f-\-e-''), sinhw denotes i{^-^~°)> and i = ;^(-i).' 

Prove also that 

cos tv = cosh 7/3 sin iv = i sinh z/. 

n. Prove the trigonometrical summations 

r=n 

2 cos ra = cos J«a sin J (« + I ) a cosec Ja ; 

i-=0 
r=n 

S sin ra = sin i«asin4(K+l)acosec4n. 



VII. MECHANICS. 



[^Mathematical instruments must be used for questions requiring a graphical 
, method of solution. ] 

1. Find the locus of all points in a plane, such that two forces given 
in magnitude and position shall have equal moments, and in the same 
sense round any one of the points. 

2. AE, DF are vertical walls, A and D being in the same horizontal 
line. A string ABCD supports two weights at B and C, the weight at B 
being I lb. Find to two places of decimals the weight at C and the 
tensions of the three strings 

2^^ = 40°, ABC =1^0°, and BC£> = 90°. 

[This problem had to be solved by graphical construction on a litho- 
graphed plan.] 

13 
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3. Three forces, 5-05 lbs., 4-24 lbs., 3-85 lbs. in magnitude, act at 
three given points of a flat disk resting on a smooth table. Place the 
forces, by geometrical construction, so as to keep the disk in equilibrium ; 
and measure and write down the number of degrees contained in each of 
the three angles they make with one another. 

4. A vertical beam, of weight W, is constrained by guides so as to 
move only in its own direction, the lower end resting on a smooth floor. 
If a smooth inclined plane of given slope be pushed under it by a hori- 
zontal force acting at the back of the inclined plane, so as to raise the 
beam, find the force required. 

If there is friction between the floor and the inclined plane, but none 
elsewhere, what must be the least value of /*, if the inclined plane will 
remain, when left in a given position under the beam, without being 
forced out; given the weight of the inclined plane? 

When there is no friction, verify in this case that what is gained in 
power is lost in velocity. 

5. State the analytical conditions necessary for the equilibrium of 
any number of forces in a plane, given the forces and the coordinates 
of their points of application. 

Show that these equations are unaltered if the point of application of 
any force be changed to any other point on its line of action. 

6. A particle is projected along a rough horizontal plane with a 
given velocity ; what is its acceleration ? If at each point P of its path 
a vertical FH be drawn, such that its velocity at P is that due to a fall 
through the height PH, find the locus of H. 

Hence, deduce a simple geometrical constmction for determining the 
point at which it will stop. 

7. A weight P is descending, drawing upwards a smaller weight Q by 
means of a string passing over a smooth pulley ; if, when they have each 
moved through a space A from rest, the string is suddenly cut, find by 
means of the principle of Work, or otherwise, the additional height to 
which Q will ascend. 

8. How is angular velocity usually measured? Find the angular 
velocity of the Earth round its axis. 

If a line turns round its extremity 0, which is a fixed point within a 
given circle, with uniform angular velocity, show that the velocity with 

14 
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which its intersection P with the circle travels along the circumference 
varies as PH, which is a line drawn from P through the centre, to meet 
OH, a perpendicular to OP. 

9. Find the, equation of the path of a projectile, referred to horizontal 
and vertical axes. 

Show that all projectiles the horizontal component of whose initial 
velocities is the same describe equal parabolas. 

Prove that it is impossible for two projectiles discharged together from 
the same point to meet each other in their ilight. 

10. A sphere at rest is struck by an equal sphere moving with given 
velocity in a line inclined at 30° to the line joining the centres at the 
instant of contact. Find the motions of both after impact ; the elasticity 
being perfect. 

Determine also the motions of their common centre of gravity before 
and after impact. 

11. An elastic string is gradually stretched by an increasing force. 
When the string has been lengthened 2 inches, the force is found to amount 
to 10 lbs. What is the work in foot-pounds done by the force, assuming 
that the force is always proportional to the elongation produced ? 
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OBLIGATORY EXAMINATION. 



I. EUCLID (Books I.— IV. and VI.). 

lOrdinary abbreviations may be employed ; but the method of proof must 
be geometrical. Proofs other than EuclicCs viust not violate Euclid^ s 
sequence of propositions. Great importance will be attached to accuracy.'] 

1. At a given point in a given straight line make a rectilineal angle 
equal to a given rectilineal angle. 

Having given one side of a right-angled triangle and the sum of the 
other side and the hypotenuse, construct the triangle. 

2. Write out Euclid's definition of, and axiom on, parallel straight 
lines. 

Enunciate the first proposition proved by means of the axiom. 

3. If a straight line AB be divided internally in C, how can the rect- 
angle AC . CB be expressed in terms of the squares on AB, BC, CA ? 

If four equal circles are described round a square so that each circle- 
touches externally a side of the square and the two adjacent circles, show 
that the rectangle contained by twice the diameter of one of the circles and 
a side of the square is equal to the difference between the given square and 
the square on the diameter of one of the circles. 

W. P. I I 
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4. In obtuse-angled triangles, if a perpendicular be drawn from either 
of the acute angles to the opposite side produced, the square on the side 
subtending the obtuse angle will be greater than the squares on the sides 
containing the obtuse angle, by twice the rectangle contained by the side 
on which, when produced, the perpendicular falls and the straight line 
intercepted without the triangle, between the perpendicular and the 
obtuse angle. 

5. The opposite angles of a quadrilateral inscribed in a pircle are 
together equal to two right angles. 

If a quadrilateral have one vertex at the centre of a circle and the other 
three on the circumference, show- that of the angles at these three vertices 
one will be equal to the sum of the other two. 

6. A segment of a circle being given, describe the circle of which it is 
a segment. 

7. Define pentagon, hexagon, quindecagon. 

Inscribe an equilateral and equiangular pentagon in a given circle. 

8. If two triangles have one angle of the one equal to one angle of the 
other, and the sides about the equal angles proportionals, the triangles 
shall be equiangular to one another, and shall have those angles equal 
which are opposite to the homologous sides. 

If D and E are points on the base BC oiz. triangle ABC such that AB, 
AC are respectively mean proportionals between BC and BD, BC and 
CE ; show that AD and AE are each a mean proportional between BD 
and CE. 

9. If the diameter of the circumscribing circle of an isosceles triangle 
is n times each of the equal sides, show that each of these equal sides is n 
times the perpendicular from the vertex of the triangle to the base. 

10. Similar triangles are to one another in the duplicate ratio of their 
homologous sides. 

If AB, CD be two chords of a circle intersecting in an external point 
E, show that the triangle EAC has to the triangle EBD the duplicate 
ratio of that which A C has to BD. 

11. If two similar parallelograms have a common angle and be 
similarly situated, they are about the same diameter. 

12. Chords are drawn through a point A on the circumference of a 
circle whose centre is 0. Show that the locus of the middle points of 
these chords is a circle whose diameter is ^ 0. 
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II. ALGEBRA. 

( Up to and including the Binomial Theorem ; the theory and use of 
Logarithms. ) 

[N.B. — Great importatue will be attached to accuracy. '\ 

1. Resolve into simple factors 

{lax + (a - c)y - 2.czf - {zcx + (f - a)y - 2az}^, 
and show that a-c and x+z are factors of 

{ax + by- czf -{cx + iy- az)^. 

2. Find the highest common factor of 

3a^+i4a^+i2a + l6 and 2a* + ya^ - /^a^ - a- 4. 

3. Find the sum of 

I J 2 

2x^ - I^xy + I sy 3^1^ - 2xy - 5^ ' 

and divide it by the difference between 

^+^ and ""-y. 
x-zy x+^y 

4. A merchant gained as many sovereigns on a certain quantity of 
coal as there were shillings in the cost price of a ton, or pence in the retail 
price of a cwt. How many tons did he sell ? 

5. Simplify 





J 


'(!■ 




' I 
ai' 

■if- 


'(a 
I 

ab 


4 
-if, 


and find the value of 27^ + 24^ 


-x>. 


when 


2X 


= ^/^ 


6. 


Solve the equations 














(.)'-* 


X 

_3_ 


-12 
S 


2X- 

3 


^ + 


9h-x 
21 



p + 2j/+3z=4, 
(2) 4x + 3j + 2 =4s, 

Ix + 22 + 3" = 4y. 
, . x-z x + i 2JC + 3 
^^' X-2 X + 2 X+l' 
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7. Find (i.) the sum, (ii.) the sum of the squares, (iii.) the sum of the 
cubes, of the roots of the equation 

X^~px + q = O. 

8. A bag contains some sovereigns, three times as many half-sovereigns, 
and also some florins and half-crowns. The value of the gold coins is 
double that of the silver coins, and the half-crowns are worth half as much 
again as the florins. Compare the ratios of the numbers Of the several 
coins. 

9. Find the sum of 31 terms of the series 

4* + 4i + 3A+etc. 

,, I I I 1 

If -+- = -; — +-J — . 

a c 20 -a 20 -c 

prove tliat 2b is either the arithmetic mean between 2a and 2c, or the 
harmonic mean between a and c. 

10. If "CV denote the number of combinations of n things taken r 
together, show by general reasoning that "C, = "Cm-,. 

Also show that 

11. Find the first five terms in the expansion of (l-3«-)''3 by the 
Binomial Theorem; and, if {i+x + x^ + ifiy* be expanded in a series of 
powers of X, prove that the coefficient oi :>fi will be 14. 

12. Write down the values of logio*oo4 and Iog4ioo. 
Also determine how many terms of the series 

•04, -08, -16, -32... 
will amount to 41943. 
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III. PLANE TRIGONOMETRY AND MENSURATION. 

(Including the Solution of Triangles.) 

[N.B.— (r?-m^ importance will be attached to accuracy. Questions i, 8, 9, 10, 
1 1 may be worked with the aid of the logarithm tables supplied.^ 

1. The value of the divisions on the outer rim of a graduated circle 
is 5', and the distance between two successive divisions is 'i of an inch ; 
find the radius of the circle. \v = 3'14IS93.] 

A church spire whose height is known to be 45 feet subtends an angle 
of 9' at the eye ; find its distance approximately. 

2. Find the smallest angle, positive or negative, which has the same 

sine and cosine as 5E + o. a< -. 
2 L 2 J 

If tan^S = f , find versin 8, and explain the double result. 

3. Prove that cos A - sin ^ is a factor of cos 3/< + sin 3^4 ; and that 

cos'A + cos^(A + ^\+cos'(A-^\=h 
Simplify 

{cot. + cot(«-^)}{tan(^-.) + tan(^ + .)}. 

4. Find an expression for all the angles which have the same cosine. 
Find all the values of x which satisfy the equation 



5. Express sin ^ + cos ^ in terms of sin 2A, and hence, if zA is in the 
fourth quadrant, find sin^^ in terms of sin 2A. 



Show that 


2 sin 11° 15' 


= 72- 


■Jz+fJz. 




6. 


Solve the equations 














(l) cosnA -cos(«- 


2) A = sin A. 






(2) cos- 




+ tan 
5 


-1 2X 

l-x^ 


_4ir 
3' 



and 
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7. Prove that in every triangle 

a = c cos B + b cos C, 

. B-C b-c A 

sm = cos — 

2 a 2. 



8. The angular altitude of a hghthouse seen from a point on the shore 
is 12° 31' 46", and from a point 500 feet nearer to it is 26° 33' 55". 
Required its height above the shore. 

9. In the ambiguous case of plane triangles, if C, C, c, c' are corre- 
sponding values of an angle and side to be determined, 

sin C_'sin C 

Prove this by general reasoning, and find the area of the larger of the 
two triangles determined from the data 

A = 31° 15', a = 5 inches, b = 1 inches. 

10. It is proposed to add to a square lawn measuring 58 feet on a side 
two circular ends, the centre of each circle being the point of intersection 
of the diagonals of the square. How much turf will be requii-ed for the 
purpose ? 

11. A hollow pontoon has a cylindrical body 20 feet long, and hemi- 
spherical ends, and is made of metal \ of an inch thick. The outside 
diameter is 3 ft. 4 in. Find its weight, having given that a cubic inch of 
the metal weighs 4 'S oz. 
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IV. STATICS AND DYNAMICS. 
(Obligatory Paper.) 

I. Enunciate the "Parallelogram of Forces" and the "Triangle of 
Forces. " Three forces in equilibrium are in the ratio i : ,^3 : 2. At what 
angles do they act ? 

2. A uniform rod AB, resting with one end A against a smooth vertical 
wall, is supported by a string BC tied to a point C vertically above A and 
to the other end B of the rod. Draw a diagram showing the lines of action 
of the forces which keep the rod in equilibrium, and show that the tension 
of the string must be greater than the weight of the rod. 

3. Find the resultant of two like parallel forces acting on a body. 

Two men carry a heavy cask, weight ij cwt., which hangs from a light 
pole, length 6 feet, each end of which rests on a shoulder of one of the 
men. The point from which the cask is hung is one foot nearer to one 
point of support than to the other. What is the pressure on each shoulder ? 

4. Find the relation between the power and the weight in the system 
of pulleys in which the same string passes round all the pulleys (neglecting 
the weight of the pulleys). 

A i2-stone man raises 3 cwt. by means of such a system, having 4 
pulleys in each block and the string attached to the upper block. What 
will be his pressure on the ground if he pulls vertically downwards ? 

5. Three equal masses are at the angular points, A, B, C of a triangle. 
Find their centre of gravity. If the masses are unequal, what must be 
their ratios in order that their c.G. may be half way between A and the 
middle point oi BCl 

6. What force, acting horizontally, would keep a mass of 16 lbs. at 
rest on a smooth inclined plane whose height is 3 feet and length of base 
4 feet ? What would be the pressure on the plane ? 

7. Define "Velocity," and explain how it is measured numerically 
(i) when uniform, (2) when variable. 

A man walks with velocity 12 along a horizontal platform which is 
rising vertically with velocity 5. Determine the direction and velocity of 
his actual motion. 
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8. Explain any apparatus by which the acceleration of gravity may be 
measured. 

9. A stone A is thrown vertically upwards with a velocity of 96 feet 
per second. How high will it rise ? 

After 4 seconds from the projection of A another stone B is let fall from 
the same point. Prove that A will overtake B after 4 seconds more. 
(^=32.) 

10. Enunciate the law of motion which tells us how to measure force. 
A heavy truck, of mass 16 tons, is standing at rest on a smooth line of rails. 
A horse now pulls at it steadily in the line of the rails with a force equal to 
the weight of i cwt. How far will he move it in 1 minute ? (^ = 32. ) 

11. Explain what is meant when it is said that a particle moving with 
velocity V of uniform magnitude in a circle of radius ;■ has at every instant 
an acceleration along the radius of the circle. 

What is the measure of this acceleration ? 

12. A stone is thrown horizontally with velocity tjzgh from the top 
of a tower of height h. Find where it will strike the level ground through 
the foot of the tower. What will be its striking velocity ? 
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FURTHER EXAMINATION. 



V. PURE MATHEMATICS (i). 

X^Full marks may be obtained for about four-fifths of this paper. 
Great importance is attached to accuracy, ^ 

1. Define a parabola, and prove that the tangent at any point bisects 
the angle between the focal distance and the perpendicular on the 
directrix, 

A thread has both its extremities fastened at a point ^ on a sheet of 
paper, and is kept stretched by two pencil nibs, P and Q, touching the 
paper. If P and Q move so that AP and AQ axe always equal to each 
other, and PQ always parallel to a fixed line, prove that two equal para- 
bolic arcs will be traced by the pencils upon the paper, and that they will 
intersect at right angles. 

2. Prove that the subnormal at every point of a parabola is equal to 
the semi-latus rectum. 

If Mhe the foot of the perpendicular from any point P of a. parabola 
upon the tangent at the vertex, prove that the line through M parallel to 
the tangent at P always touches a parabola whose latus rectum is double 
that of the original parabola. 

3. If the normal at the point P of an ellipse (centre C) meet the axis 
major in G, and A'' be the foot of the ordinate of P, prove that CG bears a 
constant ratio to CM 

If C/" produced meet the tangent at one extremity {A) of the major axis 
in Q, and QE be drawn parallel to the normal at P, meeting CA in E, 
prove that AE is equal to the semi-latus rectum. 
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4. Define the auxiliary circle of the ellipse, and prove that the locus 
of the intersection of the normal to the ellipse at any point (P) with the 
radius to the corresponding point ( Q) of the auxiliary circle is another circle 
concentric with both curves. 

5. Prove that the part of every tangent to ah hyperbola intercepted 
between the asymptotes is bisected at the point of contact. 

If the hyperbola be equilateral, prove that the part of every normal 
intercepted between the major and minor axes is bisected at the point 
where it meets the curve. 

6. Prove that the section of a right cone by a plane, if a closed curve, 
is an ellipse. 

If a number of elliptic sections be made with the major axis the same in 
length for all, prove that the eccentricity of any section is proportional to 
the difference of the distances of the extremities of its major axis from the 
cone's vertex. 

7. Prove that y = mx + cis the equation of a straight line, and interpret 
the constants. 

Two straight lines cut the axis of x at distances a and - a and the axis 
of y at distances b and b' from the origin respectively. Fine the co- 
ordinates of their point of intersection. 

8. If in the last case any number of pairs of lines be drawn with a the 
same for all and bb' = a^, in each pair, prove that the locus of the points of 
intersection of all the pairs is a circle. 

9. Find the equation of the parabola whose vertex and focus are each 
on the axis of ;ir at distances (a) and (a') from the origin respectively. 

Two parabolas have a common axis and concavities in opposite direc- 
tions ; if any line parallel to the common axis meet the parabolas in P and 
F", prove that the locus of the middle point of PP" is another parabola, 
provided the latera recta of the given parabolas are unequal. 

10. Find the equation of the chord of contact of tangents drawn from 
the point h, k, to the ellipse 

10 
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II. Investigate the loci expressed by the equations 

(1) (y-b)l,y-b')^(pc-a)(x-a:) = o; 

(2) 2jc^ + 3j2-43x+6ffy + 4o2 = 0; 

(3) ;tr = 3^M + ^V y = b{,j.-'^\, 
where p. is variable. 



VI. PURE MATHEMATICS (2). 

\Fitll marks may be obtained for about two-thirds of this paper. Great 
importance is attached to accuracy.'] 

1. li x + -=y, express x^+ -, and x^+-^ in terms of y. 

2. Solve the simultaneous equations 

^^ + 2j;_j' + 37^ = 43, 2x^ + ^xy+iy^ = 71. 

3. Show that the expression -i + 2>J -i is a root of the equation 

x^~ I2;r-5 = 0; 
and hence find all its roots. 

4. If the expression 

(ax'' + zbx + c +yf - a(ax^ + ^bx^ + 6cx^ + i^x + e) 

is a perfect square, show thatj/ must be a' root of a certain cubic equation,, 
and find this equation. 

C. Resolve ^ - 7-^+2 into jj-g partial fractions. 

^ x*-ifi-^x-\ 

.II 
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6. Find, by aid of the Binomial Theorem or otherwise, the value of 
the expression 

■Jx^+ax^+bx + c - slxf^+a'x!^ + b'x + c', 
when X = aa. 

7. Find the values of x which satisfy the equations 

(i. ) sin ^x = sin 4Jir - sin x ; 
(ii, ) cos 2x + ^ cos X = 0. 

S. Find the sum of n terms of the series 

sm - + sm i- + sm L + etc. 
222 

9. In a plane triangle prove the identical relation 

sin 3A sin(^- C) + sin 3^sin(C-^) + sin 3Csin(^ - ^) = o. 

10. Prove that {x + iy)"^ + (x' + i/)" 
■can be expressed in the form X {cos tp + i sin ^), 

where z^=-i, and m and n are any integers. Show how to find the 
values of S and <j>. 

11. l[ .^^=i+Bx+^x^ + —^x> + ^ ;i;* + etc.; 

e'-l 1.2 1.2.3 1.2.3.4 

find the values of S^ B^, Bg, and B^, assuming the ordinary expansion 
for «*. 
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VII. MECHANICS. 

[Mathematical instruments must be used for questions requiring a graphical 
method of solution.] 

1. A couple is balanced by two forces in its plane. Prove that they 
form a couple. 

Four forces acting along, and represented by, the sides of a parallelo- 
gram form two couples of opposite senses. Prove that they are in equi- 
librium, 

2. Solve graphically the following problem. 

A uniform beam APB, weight too lbs., is held at any angle of 31° to 
the vertical by the tension of a string PH, the lower end A resting on a 
rough horizontal plane. 

AB = d,\\a., PB= -8 in. , lAPH= 98°. 

Find the tension of the string in lbs.; also find (in degrees) the least 
possible value for the angle of friction (tan"'/i4) at A. 

3. A particle rests on a rough horizontal plane : if the plane be 
gradually raised at one end, find the angle of slope at which the particle 
will slip. 

A cubical block rests on a rough plank with its edges parallel to the 
edges of the plank. If, as the plank is gradually raised, the block turns 
over on it before slipping, what must the coefficient of friction (at least) 
be? 

4. A heavy cube (weight 100 lbs.) rests on a rough floor (on which it 
cannot slip). Prove that the least force required to begin to raise one edge 
of it off the ground is about 354 lbs. ; find where and in what direction 
this force must be applied to the block. 

Show that the force sufficient to begin to raise it is suiiflcient, if con- 
tinued to be applied, to completely overturn it. 

13 
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5. A true balance has one scale fraudulently loaded. If a body suc- 
cessively weighed in the two scales appears to weigh P and Q pounds, find 
the amount of the unjust load. 

The beam of a balance is 6 ft. long, and it appears correct when empty. 
A certain body placed in one scale weighs 120 lbs., when placed in the 
other 121 lbs. Show that the fulcrum must be distant about -^ of an 
inch from the centre of the beam. 

6. Find approximately the number of foot-pounds of work expended 
in drawing a weight of lOO lbs. up a slope of i in 10 for a distance of 
100 ft., the coefficient of friction being \, and the pulling force being 
exerted parallel to the plane. 

Find also the work required to draw it down again through the same 
space. 

7. If a body be let fall from a height of 64 ft. at the same instant that 
another is sent vertically upwards from the foot of the height with a velocity 
of 64 ft. per second, what time elapses till they meet ? 

If the first body starts I sec. later than the other, what time will elapse? 

8. Find the time in which a body will fall down a given smooth 
inclined plane. 

In a vertical circle, find the radius down which a particle will fall 
from the centre to the circumference in double the time of falling down 
the vertical radius. 

9. Two particles describe the same circle with given different uniform 
velocities. Show that the line joining them turns with uniform angular 
velocity. 

10. Two equal particles start simultaneously from the origin and move 
in the two rectangular axes, one with uniform velocity V, the other with 
uniform acceleration f, starting from rest. Find the equation of the path 
of their centre of gravity. 

11. A body is projected from A in a. given direction AB. If, when 
the projectile is at P, Q be the point of AB vertically above P, and M be 
the bisection ot AQ, prove that the direction of its motion is MP. 

12. A point P describes a circle with a given uniform velocity V. If 
Q be the projection of /" on a given fixed diameter, show that the velocity 
of Q varies as PQ, and that its acceleration varies as QO, where is the 
centre. 



14 
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OBLIGATORY EXAMINATION. 



I. EUCLID (Books I.— IV. and VI.). 

[ The ordinary abbreviations may be employed; but the method of proof must 
be geometrical. Proofs other than Euclid's must not violate Euclid's 
sequence of propositions. Great importance will be attached to accuracy. '\ 

1. ABC, DBC are two triangles on the same base and on the same 
side of it. If AB = BD, prove that A C cannot be also equal to CD. 

2. Prove-=- 

(1) That every parallelogram which has one angle a right angle, 
has all its angles right angles. 

(2) That every quadrilateral which has all its sides equal, and one 
angle a right angle, has all its angles right angles.' 

'3. If a straight line be divided into any two parts, the squares on the 
whole line, and on one of the parts, are equal to twice the rectangle con- 
tained by the whole and that part, together with the square on the other 
part. 

W. P. I K 
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4. Divide a given straight line into two parts, so that the rectangle 
contained by the whole and one of the parts may be equal to the square 
on the other part. 

If C, D be the two points in which the straight line AB can be so 
divided, prove that the rectangle contained by AB, CD is equal to the 
rectangle contained by A C, CB. 

5. If a straight line touch a circle, the straight line drawn from the 
centre to the point of contact shall be perpendicular to the line touching 
the circle. 

Construct a triangle, having given the vertical angle, one of the sides 
containing it, and the perpendicular altitude. 

6. The angles in the same segment of a, circle are equal to one 
another. 

AB is the base of a segment of a circle less than, a semi-circle, and 
/'any point on its circumference. AP is produced to Q, so that BQ = BP. 
Show that the locus of ^ is a segment of an equal circle. 

7. In a given circle inscribe a triangle equiangular to a given triangle. 

8. Describe a circle about a given equilateral and equiangular penta- 
gon. Prove that the diameter drawn through any angular point of the 
pentagon is perpendicular to the opposite side of the figure. 

9. If the sides of two triangles, about each of their angles, be propor- 
tionals, the triangles shall be equiangular to one another, and shall have 
those angles equal which are opposite to the homologous sides. 

10. If four straight lines be proportionals, the rectangle contained by 
the extremes is equal to the rectangle contained by the means ; and if the 
rectangle contained by the means is equal to the rectangle contained by the 
extremes, the four straight lines are proportionals. 

In the base AB of a triangle ABC a point D is taken so that the angle 
CDB is equal to the vertical angle ACB. Prove that dB touches the 
circle circumscribing the triangle A CD. 

11. In any right-angled triangle, any rectilineal figure described on 
the side subtending the right angle is equal to the sum of the similar 
and similarly described figures on the sides containing the right angle. 
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II. ALGEBRA. 

(Up to and including the Binomial Theorem, the theory and use of 
Logarithms.) 

[N.B. — Great importance will be attached to accuracy.'] 

1. Divide x{x''' - yz) + y[)fi - xz) ■\- z'^s'' - xy) \s^ x+y + z: 
and find the value of x^-x^ + ^x + ^, when x = i+ av — i . 

2. Find the H.c.D. of 300^^^ - 5a V + 5fl^jr 
and 9«;tr' - a^x + 2a*. 

3. Show that if unity be added to the product of any four consecutive 
numbers the sura is a perfect square. 

4. Show how to resolve any quadratic expression in X of the form 
pX"^ + qX+ r into factors. 

Resolve ac(x^+y'^)+xy(b''-c'^-a'^) + ab(x''-y') into two factors, each 
containing first powers of x andj. 

5. Prove that the square root of a rational quantity cannot be partly 
rational and partly a quadratic surd. 

Find the square root of 

^x- I +2\/2;t^ + x-6. 

/a _ 2 /2 

6. Express ^-?^ — 2vl as a ratio of two whole numbers. 

7. Solve the equations 

,.\ Sx-7 3X + 7 , t_ 6x+i 
4 3-^23 



(^) V-S-V^='«- 



(3) y 

X' 



' + xy = 4 \ 

+ 2y''-xy = 8)' 
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8. Two companies of a regiment appeared in the field in strength as 
9 to II. At the end of the day the relative strength was 5 to 8. Of the 
men in the two companies 35 per cent, were missing, and 30 men of these 
belonged to the second company. Find the number in each company 
at first. 

9. Prove that the Geometric mean between two quantities is a mean 
proportional to their Arithmetic and Harmonic means. 

If the ot"' term of an harmonic progression be », and the «"> term be 

m, prove that the {m + k)* term will be 

10. If "Cr denote the number of combinations of n things taken r 
together, prove that 

Eight prisoners have to be marched out each morning handcuffed in 
pairs. How many times can they be sent out without exactly repeating 
the arrangement of pairs, no account being taken of whether n prisoner is 
handcuffed by the left hand or the right or of the order in which the pairs 
march out ? 

11. Write down in their simplest forms the coefficients of x^ in the 



expansions of ( I - jr) ■• and 



l+x 



and determine the sum of the infinite series 

3 1.3 3^ 1 . 3 . ■; 3^ 
1 + 4+ ^^ • i + — ^--2 ij + etc. 
2'' 1.2 2" 1.2.32" 

12. Given logi„8 = •9030900, logi|,28 = 1-4471580, 
■find logi„3So and logi2.5io. 
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III. PLANE TRIGONOMETRY AND MENSURATION. 

(Including the Solution of Triangles. ) 

[N.B. — Great importance will be attached to accuracy.'] Questions 7, 8, and 
9 may be worked with the aid of the logarithmic tables supplied. ] 

1. Prove by means of geometrical figures that 

sin(i8o° + yi() = -iinA, 

and 003330°=^?; 

also find the value of cos 1410°. 

2. Prove that 

tan e 



am 1/ — — .' 

x/i+tan^e 
Having given tan 9 -%, find sin 6, cos 9, and versin 6. 

3. Prove the formulae, 

(a) cot A - cosec 2,A = cot zA ; 

(P) I + cos^zA = zisin'^A + cos^A ) ; 

(^j sinU + 3^) + 5in(3^ + ^) ^^^^^(^^^)_ 
sin 2 A + sin 2B 

4. By means of a geometrical figure, or otherwise, prove that 

I J , r>\ tan A + tan B 
ta.n{A+B) = 

If tan-S = 



I - tan ^ tan B 
n sin A cos A 



I - « sai^A 
prove that ts.n{A-B) = (i-n)i3.nA, 

and solve the equation 

1, sin 2x cos 2x 

tan X = 3 ^5 

1-3 sm^2^ 

5. Find an expression for all the angl'es which have a given tangent. 

If the value of tan 26 is given, determine the number of values of sin 6. 

Prove that tan 67° 30' = i + ^/z. 

5 



WOOLWICH ENTRANCE EXAMINATION. 

6. Prove that 

and solve the equation 

tan-i-^+i + tan-i'^^li = tan-i(-7)- 
X— I X 

7. Prove that, in a triangle ABC, 

tan4(j?-C) = ^cot-. 
» + c 2 

Having given * = 130, c = 63, and ^4 = 42° 15' 30", find the other angles, 
and the third side of the triangle. 

8. An observer finds that from the doorstep of his house the angular , 
elevation of the top of a church spire is 5a, and that from the roof above 
the doorstep it is 40. The height of the roof above the doorstep being h, 
prove that the height of the top of the spire above the doorstep is equal to 

h cosec « J cos 4a . sin 5a, 
and that the horizontal distance of the top of the spire from the house is 
equal to h cosec a . cos 4a . cos $a. 

li his 39 feet and if a is equal to 7° 17' 39", calculate the height and 
the distance. 

9. Taking 7r = 3-14I59, calculate approximately the area and the peri- 
meter of the circle inscribed in a square, the side of which is 359"5678 feet. 

10. A vessel in the shape of a circular cylinder, open at the top, the 
height of -which, is double its diameter, stands on a horizontal table, and is 
filled with water. A solid circular cone, of the same base and the same 
height, is pushed into the water until its vertex reaches the base of the 
cylinder, and is then taken out. Find the height at which the water 
afterwards stands in the cylinder. 

If a solid sphere, of very nearly the same diameter as the cylinder, is 
then pushed in, and held so as to be wholly immersed, find the height at 
which the water will stand. 
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IV. STATICS AND DYNAMICS. 
(Obligatory.) 

1. Enunciate the "Triangle of Forces,'' and deduce an expression for 
the resultant of two forces P and Q acting at an angle d. 

If P-T, lbs., 2 = 5 lbs., and their resultant = 7 lbs., find the angle 
between P and Q. 

2. A small heavy ring A which can slide upon a smooth vertical hoop 
is kept in a given position by a string AB, B being the highest point of 
the hoop. Show that the pressure between the ring and the hoop is equal 
to the weight of the ring. 

3. A light rod AB, 20 inches long, rests upon two pegs whose distance 
apart is equal to half the length of the rod. How must it be placed so 
that the pressures on the pegs may be equal when weights 2W, t,W axe 
suspended from A, B respectively ? 

4. Define " the moment of a force," and explain what is meant by the 
algebraical sum of the moments of a system of forces in one plane about a 
point in that plane. 

ABCD is a square, the length of each side being 4 feet, and four forces 
act as follows : 2 lbs. from Z3 to ^, 3 lbs. from ^ to ^, 4 lbs. from C to B, 
and 5 lbs. from D to B. Find (to the nearest foot-pound) the algebraical 
sum of the moments of the forces about C. 

5. Describe the wheel and axle, and obtain the relation between P 
and W. . 

6. Show how to find the centre of gravity of a body composed of two 
parts, whose centres of gravity and weights are given. 

A uniform one-foot rod is broken into two parts of S and 7 inches, 
which are then placed so as to form the letter T, the longer portion being 
vertical ; find the position of its centre of gravity. 



WOOLWICH ENTRANCE EXAMINATION. 

7. Define velocity and acceleration, and show how they are measured 
when uniform. 

A body moving with uniform acceleration has, 3 seconds after starting, 
a velocity of iS feet a minute; when will it be moving at the rate of 45 
miles an hour ? 

8. A particle is projected vertically upwards with a velocity of 50 feet 
per second. Find (i.) when its velocity will be 25 feet per second, and 
(ii. ) when it will be 25 feet above the point of projection. 

9. ABC is a triangle, right-angled at C. Prove that, if it be placed 
with A uppermost, and AB vertical, the times of falling down AB, AC 
will be equal ; and if placed with A C vertical the velocities acquired in 
falling down the same sides will be equal. 

10. _ Explain clearly the meanings of the symbols employed in the 
equation P = Mf. 

A force equal to the weight of 23 lbs. acts upon a mass of 41 lbs. ; find 
the velocity acquired at the end of 3 seconds from rest. 

11. A particle is constrained to describe a circle on a smooth horizontal 
table by means of a string 18 inches long, having one end attached to a 
fixed point of the table. If the tension of the string be equal to the weight 
of the particle, find the velocity. 

izj a stone is let fall from the top of the mast of a ship which is 
sailing with uniform velocity (25 feet per second). Represent in a figure, 
and describe the positions of the mast and the stone at the end of the first, 
second, and third seconds, and thence draw (roughly) the actual path of 
the stone, neglecting the resistance of the air. 

( Vou can use the whole length of your page for this diagram. ) 
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FURTHER EXAMINATION. 



V. PURE MATHEMATICS (i). 

\Full marks may be obtained for about five-sixths of this paper. Great 
importance is attached to accuracy. '\ 

1. Define a conic section as the locus of a point which moves subject 
to certain conditions. 

Show that if a line be drawn from the point where the axis meets the 
directrix through the extremity of the latus rectum, its inclination to the 
axis will be greater than, equal to, or less than 45° according as the curve 
is a.hyperbola, parabola, or ellipse. 

2. Prove that in a parabola tangents at the extremities of a focal chord 
intersect at right angles in the directrix. 

AB is the chord of a circle ABC, show that the centres of all the circles 
touching AB and ABC will trace out two parabolas, and draw a figure 
showing both parabolas. 

3. If the tangent at P meet the major axis of an ellipse in T, and N 
be the foot of the ordinate FN, prove that the rectangle contained by ON 
and CT'is equal to the square on AC. 

From any point P on an ellipse, the ordinate PN and normal PK are 
drawn to meet the major axis in N and K, show that the ratio of CN to 
KN\% the same for all positions of P. 
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4. Define conjugate diameters of an ellipse. If CF and CD be con- 
jugate, show that 

CI^+CC(^ = AC^ + BCK 

5. If from any point P on an hyperbola the ordinate FN is drawn, 
prove that 

FN'^ : AN. A'N-.-.BC-.AC^. 

If FN be the ordinate of any point i' on a rectangular hyperbola, and 
from N a tangent NF' is drawn to the point P' on the auxiliary circle, 
prove that NP= NF'. 

6. A right cone is cut by a plane, which is parallel to a line in its 
surface and perpendicular to the plane containing that line and the axis ; 
show that the section is a parabola. 

Prove that the latus rectum of this section varies as the distance between 
the vertices of the cone and the parabola. 

7. Obtain the equation to a straight line in terms of the length of 
the perpendicular upon it from the origin and the angle which that 
perpendicular makes with one 'of the rectangular axes. Find the area 
of OIL', where L, L' are the feet of the perpendiculars let fall from the 
origin 0, upon the lines 

X cos Oj +y sin a^ = /j, x cos a^ +y sin a^ = p^. 

8. Trace the circle 

(x^' +y'^) + a^x + i^y + c^ = o, 
and show that if a, /3 be the coordinates of the centre, then 

a _/3 



9. Define the normal of any curve. Find the equation to the normal 
at any point of a parabola, reducing it to a form suitable for demonstration 
of the theorem that from any point there cannot be drawn more than three 
normals to a parabola. 

10. Show that the equations x = a cos and y = b sin represent an 
ellipse, where is a variable and a, b, are constants. 
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P and p are corresponding points on an ellipse and auxiliary circle, with 
centre C; two parabolas with their vertices at C, and axes coincident with 
the major axis of the ellipse, are drawn passing through P and p ; show 

that if /, /' are the latera recta of the parabolas then - = i-e^, where e is 

the eccentricity of the ellipse. 

II. Find the polar equation of a conic, the focus being the pole ; and 
show that in any conic the semi-latus rectum is a harmonic mean between 
the segments of any focal chord. 



VI. PURE MATHEMATICS (2). 

[PuU marks may be obtained for about three-fourths of this paper. Great 
importance is attached to accuracy. '\ 

1. Find the value of « from the equations 

x^ + z = a, 2xy + z = b, y^ + z = c. 

2. Find a number divisible by 17 which, when divided by 7, leaves 4. 
as remainder. 

3. How many terms are there in the expansion of 

(a + b + c + d)*? 

Give the coefficient of the term containing abed. 

4. In how many ways may 16 people" be divided into 4 groups of 
4 persons in each ? 

5. Find values (different from a, b) for A, B, which will render the 
equation 

m{x-^Af + n{,x + B)" = m{x-^af + n{x-Vbf 

an identity for all values of x. 



WOOLWICH ENTRANCE EXAMINATION. 

6. If mx^ + ny'' = c, where m, n are positive, show algebraically that 
■X +y is greatest when mx = ny ; and give its greatest value in terms of 
ni, n, c. 

7- If sin X + cos X = sin a + cos a, 

state all the possible values of x. 

8. Resolve x^ - 2jt^cos B+i 
into two real quadratic factors. 

9. A quadrilateral ABCD is circumscribed about a circle j prove that 

AB sin \A sin ^5 = CD sin J C sin \D. 

10. Find the sum of the infinite series 

sin S - i sin 25 + J sin 3^ - etc. 
and deduce from it the sum when all the signs are +. 

11. If s^+f + ax^ + bxy^cy"^ 

can be decomposed into two real factors of the ist and 2nd degrees, prove 
that either a + c = b, or a = c--b. 



VII. MECHANICS. 



\Full marks may be obtained for about three-fourths of the paper. Mathe- 
matical instruments must be used for questions requiring a graphical 
method of solution. ] 

I. Enunciate the proposition known as the Polygon of Forces and 
employ it to solve graphically the following problem. 

Four strings are knotted together at ; of these, two, viz. OA, OB, 
have their extremities A, B fixed, a third hangs vertically and supports a 
weight of 20 lbs., and the remaining one passes over a pulley at C, (ACB 
being a horizontal line), and supports a weight of 5 lbs. : 

^C = 2iin., C^ = 2iin., 0^ = 4iin., . 05 = 2j in. 

Find the tensions of the strings OA, OB. 



FURTHER EXAMINA TION. MECHANICS. [Not. 188& 

2. Solve graphically the following problem. 

An iron ring, outside diameter 3'g6 in., thickness "32 in. and weighing 
3 lbs. rests in a vertical plane in contact with two perfectly smooth equal 
pegs, diameter -34 in. , whose centres are in the same vertical line and 3 in. 
apart. The upper peg is inside and the lower peg is outside the ring. 

Find the pressures of the ring upon the pegs. 

3. State the conditions of equilibrium in the case of a system of forces 
acting in one plane on a rigid body. 

A cylindrical vessel, whose height is 5 inches and diameter 3 inches, 
stands upon a horizontal plane and a smooth uniform rod 9 inches long is 
placed within it resting against the edge. Find the pressures between the 
rod and the vessel, the weight of the former being 5 ozs. 

4. Express the coordinates of the centre of gravity of a system of heavy 
particles lying in a plane in terms of the weights and coordinates of the 
particles. 

If G be the centre of gravity of a system of equally heavy particles 
A, B ... prove that the forces represented by GA, GB, etc. are in equi- 
librium. 

5. Two equal moveable pulleys A, B, each of weight w, have their 
centres connected by a string which passes round a fixed pulley C, of the 
same diameter as A or B, and a second string having one end fixed, passes 
under A and over B, all the strings being parallel. What force P must be 
applied to the free end of this string to balance W suspended from the 
pulley A ? 

Show that for a vertical displacement of the system P x P's virtual 
velocity + IVx. Ws virtual velocity = o. 

6. Explain the terms " coefficient of limiting friction," "work." 

A weight of 2 cwt. rests on a rough plane (/i = J) inclined to the 
horizon at an angle of 30°, and a string attached to it passes over a smooth 
pulley at the summit and, hanging freely, supports a weight of I cwt. A 
vertical force is applied to this latter weight just sufficient to begin to raise 
it. Find in foot-pounds the work done in thus raising it through 50 feet. 

7. A particle starts from a. point with uniform velocity 4 feet per 
second, and after 2 seconds another particle leaves in the same direction 
with a velocity of 5 feet per second, and subject to an acceleration whose 
measure is 3. Find when and where it will overtake the first particle. 

13 
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8. Two small rings (connected by a string which remains tight through- 
out the motion) move along two wires which intersect at right angles. Show 
that the point midway between them describes a circle and that at any 
moment the velocities of the rings are inversely as their distances from the 
point of intersection of the wires. 

9. Define the unit of acceleration. Two weights are connected by a 
string which passes round a smooth pulley. Find their ratio in order that 
they may move with the unit acceleration, one second and one foot being 
the units of time and length. 

10. Two marbles of equal diameter but of masses 10m, llm, are pro- 
jected from the same point, with equal velocities but in opposite directions, 
along a circular groove ; where will the second impact take place, e being 
= 1? 

11. A pendulum 3 feet long is observed to make 700 oscillations in 
671 Seconds ; find approximately the value of^'. 

12. A particle is projected with velocity «< in a direction making an 
angle o with the horizon ; investigate the equation of the path described. 

Two particles projected with the same velocity from 0, pass through the 
same point P, show that if a, /9 be the angles of projection 

a + ^ = T + i, 
2 

where i = angle OP makes with the horizon. 
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June, 1890. 



OBLIGATORY EXAMINATION. 



I. EUCLID (Books I.— IV. and VI.). 

[The ordinary abbreviations may be employed, but the method of proof 
must be geometrical. Proofs other than Euclid's must not violate 
Euclid s sequence of propositions. Great importance will be attached 
to accuracy. '\ 

1. Draw a perpendicular to a given line from a given point outside it. 

2. If a side of any triangle be produced, the exterior angle is equal to 
the two interior and opposite angles, and the three interior angles of any 
triangle are together equal to two right angles. 

Draw a straight line DE parallel to the base BC oi a. triangle to cut 
the side AB in D and ^ C in E, so that DE may be equal to BD and CE 
together. 

3. Z? is a point in the side AB of a triangle. Find a point E in the 
side BC such that the triangles EAD, CAE may be equal. 

4. In any right-angled triangle the square which is described on the 
side subtending the right angle is equal to the sum of the squares described 
on the sides which contain the right angle. 

Make a square which is three times the square on a given straight line. 
W. P. I L 



WOOLWICH ENTRANCE EXAMINATION. 

5. Divide a straight line so that the rectangle contained by the whole 
and one of the parts may be equal to the square on the other part. 

6. Give a geometrical proof of the algebraic formula 

(a + bf + (a- bf = 2(0^ + 11^). 

7. If a point be taken within a circle from which there fall more than 
two equal straight lines to the circumference, that point is the centre of 
the circle. 

8. If a straight line touch a circle and from the point of contact a 
straight line be drawn cutting the circle, the angles which this line makes 
with the line touching the circle shall be equal to the angles which are in 
the alternate segments of the circle. 

AB is trisected in the points C, £>, and on CD an equilateral triangle 
CPD is described. Show that a circle passing through the three points 
B, C, P, will touch the straight line AP. 

9. Describe an isosceles triangle having each of the angles at the base 
double of the third angle. 

If ABD be the triangle required and C the point in the side AB used in 
Euclid's construction, andif/JCbe produced to meet the larger circle in 
F, and FB be joined, prove that FB is a side of a regular pentagon 
inscribed in the larger circle. 

10. If two triangles have one angle of the one equal to one angle of 
the other, and the sides about the equal angles proportional, the triangles , 
shall be equiangular, and shall have those angles equal which are opposite 
to the homologous sides. 

1 1 . Define duplicate ratio, and prove that similar triangles are to one 
another in the duplicate ratio of their homologous sides. 

12. Construct two equilateral triangles which shall have a given ratio 
to each other and which shall be together equal to a given equilateral 
triangle. 



OBLIGATORY. ALGEBRA. [June, 1890 



II. ALGEBRA. 

(Up to and including the Binomial Theorem ; the theory and use of 
Logarithms. ) 

[N.B. — Great importance -will be attached to accuracy.'] 

1 . Divide 2y? - loxi^y + gx^j/^ + 1 3^^ - 1 8;cy* +3/ by 2jr^ - -yf. 

2. Find the highest common factor of 

ifi - ba^x - ga^, and 2x^ - loax^ + <)a^x + gcfl. 

3. Find the value of (v/5 + v'3)^+(\/S~\/3)^ ^^^ prove that 4 is one 
of the values of (161 + 72;^S)i+ (161 - 72;^5)i. 



4. Solve the equations 

(i.) ^±^+£±4 = 2; 
x — ^ X — 2 

(ii.) (a-b)x + (a + b)y = a^-l>^. 
(a + b)x -{a- b)y = 2ab: 

5. Prove that a quadratic equation cannot have more than two roots. 
Form the equation of which the roots are 

i(S + v^) and MS-N^^)- 

6. Solve the equations 

(i.) 15^^-76^^ + 96 = 0; 

(ii.) 2']x?+f = 'i/\i; zx+y=ii. 

7. The number of men required to form a hollow square is three times 
the number required to fill up the interior empty space. Prove that the 
length of each face of the hollow square is four times its depth. 

8. Prove that (jc +7 + 2)' - ^c* -y - 2' is divisible by 

(y + z)(z+x)(x+y), 
and find the other factor. 



WOOLWICH ENTRANCE EXAMINATION. 

9. Insert five harmonic means between 2 and ■^■^. 

If a, b, c are positive quantities in geometrical progression, prove that 

10. Find an expression for the number of permutations of n things 
taken r together. 

In how many of these will two given things occur in juxtaposition ? 

11. Write down the co-efficients oi x!' in the expansions of(l-j;)"'', 
and (i.-x)~^, and prove that the co-efficient of si' in the expansion of 



\ I -2x1 



\%{r +1)2^-1. 



12. Define the logarithm of a number to a given base, and prove that 

logL— = loga»8 - log^. 
n 

Determine, by aid of the tables, the logarithm, to the base 10, of the 
fraction 

5742-96 
43793 ■ 

13. Employ the tables to solve the equation, 

(255)"^ = (374^-^ 



OBLIGATORY. PLANE TRIGONOMETRY. [June, 1890 

III. PLANE TRIGONOMETRY AND MENSURATION. 

(Including the Solution of Triangles.) 

[N.B. — Great importance will be attached to accuracy. Questions 7, 8, 
and 9 may be worked with the aid of the logarithmic tables sufplied.l 

1. Explain the various ways of measuring angles. Calculate, in 
degrees, minutes, and seconds, the angle whose circular measure is unity. 

2. Prove that 

(1) tan6o° = x/3. 

(2) cos 2^ = I - 2 sw?A. 

3. Prove that 

2cos.<4 = + i>Ji+sm2A + \/i-siu2W. 

Determine the signs in the case when Aha. negative angle between 
-45° and -90°. 

4. Express sin A in terms of sin — 

Why is it natural to expect that the result will be of the third degree 

' A 
in sin — ? 

3 

5. In any triangle prove the following relations — 

(i) cot A+<xAB = ^coitc A. 
b 

(2) cos^ cos.g ^ cosC _„ 
sin B sin C sin C sin A sin ^ sin .5 

(3) cos(.5-C)sin3/4 + cos(C-^)sin3.ff + cos(^-.5)sin3C = o. 

6. Explain the inverse notation of trigonometrical functions. 

If cosec"^.;f = cosec"^a + cosec"^i, find the value of x in terms of a 
and b. 



WOOLWICH ENTRANCE EXAMINATION. 

7. Show how to solve a triangle when two angles and a side opposite 
to the third angle are given. 

From the top of a hill the angles of depression of two successive mile- 
stones on level ground, and in the same vertical plane as the observer, are 
found to be 5° and 10° respectively. Find the height of the hill and the 
horizontal distance to the nearest milestone. 

8. Write down formulae adapted to the use of logarithms for solving a 
triangle when two sides and the included angle are given. 

Solve the triangle in which 

a = 242-5, b = 164-3, C = 54° 36'. 

9. State formulae for the areas of the curved surfaces of a sphere, of a 
right circular cylinder, and of a right circular cone. 

How many square yards of canvas are required to make a conical tent 
9 feet high, such that a man of 6 feet could stand anywhere inside, within 
a radius of 2 feet from the centre without stooping ? 

10. A pint tankard is in the form of a frustum of a circular cone ; its 
height is 4^ inches and the diameter of its base 34 inches, both measure- 
ments taken inside. Find the diameter of the top, being given that a 
gallon of water weighs 10 lbs. and a cubic foot of water weighs 1000 ozs. 
Employ logarithm tables to find the dimensions of the similar quart tankard 
to fouf- places of decimals. 
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IV. STATICS AND DYNAMICS. 
(Obligatory.) 

1. Show that forces may be fully represented by straight lines. 

The length of the side of a square ABCD is one foot, and in the sides 
CB, CD points E, F are respectively taken such that CE = 7 inches 
and CE= 9 inches. Draw a figure showing a particle acted on by forces 
represented by AE, EB, BF, FD, DA, and state the magnitudes of the 
forces if 5 inches represent a force of 2 lbs. 

2. A particle of weight W is supported within a smooth hemispherical 
bowl by a string of given length having one end attached to a point in the 
rim. State clearly the forces which keep the particle in equilibrium and 
find their magnitudes if the length of the string = the radius of the bowl, 
and the rim is in a horizontal plane. 

3. Show that if two forces act on a body the algebraical sum of their 
moments about any point in their plane is equal to the moment of their 
resultant about that point. 

Find the moment about D of the resultant of the two forces represented 
by BA, BFm Question I, stating in what units the moment is measured. 

4. State the rule for finding the magnitude and line of action of two 
like parallel forces. 

AB is a rod one foot in length ; when a weight of J lb. is suspended 
from A, the rod balances about a point 3 inches ixora'A, and when the 
same weight is suspended from B, it balances about a point S inches from 
B. Find the weight of the rod and the position of its centre of gravity. 

5. Find the centre of gravity of a triangular lamina ABC, and show 
that it coincides with that of three equal particles placed at the angular 
points. 

If the particle at A be moved to A', the foot of the perpendicular from 
A on BC, prove that the centre of gravity will move to G', the foot of the 
perpendicular iirom G on. SC. 

6. Investigate the relation between the power and the weight in the 
case of the smooth inclined plane. 

If the inclination of the plane to the horizon be 30°, and the power be 
applied by means of a string passing over a fixed pulley, find the ratio 
of the power to the weight in order that in the position of equilibrium 
the portion of the string between the weight and the pulley may make 
equal angles with the inclined plane and the vertical. 
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7. Enunciate and prove the Parallelogram of Velocities. 

A man rows across a river J of a mile broad in 5 minutes always 
keeping his boat at right angles to the current. On reaching the opposite 
side he finds he is J a mile from the starting point. Find the velocity ' 
of the current. 

8. Define uniform acceleration and from your definition obtain the 
formula v = u +ft. 

The motion of a particle is uniformly accelerated, and at the beginning 
and end of a certain interval of S seconds the velocities are known to be 
3 and 7 feet per second respectively ; find the space described in the given 
interval. 

9. Write out Newton's Three Laws of Motion, and give an illustration 
of each. Deduce from them the relation between the acceleration Of a 
given mass and the force producing it. 

10. Find the force which acting on a mass of 6 lbs. will cause it to 
describe 9 feet in 2 seconds from rest. What will be the measure of this 
force if the unit of force be the weight of one ounce ? 

11. A particle moves with uniform velocity inside a smooth horizontal 
circular tube one foot in diameter at the rate of seven revolutions per 
minute. Compare the horizontal pressure on the tube with the weight of 
the particle. 

12. A body is projected with a velocity « in a direction making an 
angle a with the horizon ; find the greatest height above the horizontal 
plane through the point of projection attained by the body, and also the 
range on this plane. 

Find the least velocity of projection which will give a range of 1,200 
vards. 
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FURTHER EXAMINATION. 



V. PURE MATHEMATICS (i). 

[Full marks may be obtained for about three-fourths of this paper. Great 
importance is attacked to accuracy.'] 

1. Define a conic section, and describe the respective positions of the 
focus and directrix, (i) when the conic is a circle, (2) when it consists of 
two straight lines, either parallel to, or intersecting one another. 

2. If the tangent at any point /" of a conic meets the directrix in F, 
and the latus rectum produced in D prove that FSP is a right angle, and 
that SD:SF::SA:AX. 

If a conic of given eccentricity is drawn touching the straight line FD 
joining two fixed points i^'and Z>, and if the directrix always passes through 
F, and the corresponding latus rectum always passes through D, find the 
locus of the focus. 

3. If FJV is the ordinate of the point Poi a. parabola, of which A is 
the vertex, and S the focus, prove that 

PN^ = /iAS.AN. 

If the straight line AP and the diameter through P meet the double 
ordinate QMQ' in R and R', prove th^ 

RM.R'M- QM'., 

4. Prove that the tangents drawn from an external point to an ellipse 
are equally inclined to the focal distances of that point. 

The tangent at the point P of an ellipse meets the directrices in E apd 
F; prove that the other tangents from E and F intersect on the normal 
at P. 
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5- Prove that the asymptotes of an hyperbola intersect the directrices 
in the same points as the auxiliary circle, and that the lines joining the 
corresponding foci with the points of intersection are tangents to the circle. 

6. Prove that any section of a right circular cylinder by a plane not 
parallel or perpendicular to the axis of the cylinder is an ellipse, and that 
the foci are the points of contact of spheres inscribed in the cylinder and 
touching the plane. What is the locus of the foci of all sections of the 
same eccentricity ? 

7. Trace the points, straight lines, or curves, respectively represented 
by the equations, 

(i.) (^-if + (y-4)2 = o; 
(ii.) (;c2-i)(y-4) = o; 
(iii.) y=i6ffiV; 
(iv.) xy = a(x+y). 

8. Find the polar equation of a straight line in the form 

p = r cos(6 - a). 

If a triangle ABC remain similar to a given triangle, and if the point A 
be fixed, and the point B move along a straight line, find the locus of 
the point C. 

9. Find the equation of the circle, having its centre at the point (o, /3) 
and passing through the origin, and prove that the equation of the tangent 
at the origin is 

ax + ^y = o. 

10. Find the equation of the tangent at a point of the parabola, 
y = 4ajf, in the form 

j'= mx + —. 
m 

Determine the locus of the point of intersection of two tangents to the 
parabola, which are inclined to each other at the angle of 45°. 

1 1. Obtain the equation of the normal at the point {a cos ip, b sin 0) of 
the ellipse a^f+b^x'^ = aW, in the form 

cos If sin (j> 

If yj/ be the eccentric angle of the other point where this normal inter- 
sects the ellipse, prove that 

b^ 
tanJ(i/' + 0)= --2Cot0. 
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12. Show how to find the coordinates (h, k) of the centre of a curve of 
the second order f(x, y) = o, and prove that the asymptotes are given 
by the equation /(jr, y) =f{h, k). 

Show that the asymptotes of the curve 

y^-xy- 2x^ - ^y+x-6 = 
are y+x = 2 and _)/-2x = 3. 



VI. PURE MATHEMATICS (2). 

\_Ftill marks may be obtained for about three-fourths of this paper. Great 
importance is attached to accuracy.'^ 

rr a — fa — q 

b—p b—q 

show that r + ; --J + - — — 



{fl -p)(b -pV(a- q){6 -g)'{a- bf °- 

2. Find the sum of all the numbers in the first 1,000 

(1) which are not divisible by 3 ; 

(2) which are not divisible by either 2 or 5. 

3. In how many ways can a man distribute S votes amongst £ candi- 
dates, it being allowable to give more than one vote to any candidate ? 

4. Give short methods for discovering if a number is divisible by 3, 6, 
and 9 respectively. 

Show that a number is divisible by 2" if the number represented by the 
last » digits is so divisible. 

5. Show how to solve in integers an indeterminate equation of the 
first degree in two variables. 

Divide 100 into two integer parts, divisible by 7 and 1 1 respectively. 

II . 
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6. The probability of A winning a game with Bisp and with C is^. 

Find the probability that A will defeat B and C one after the other. 

Show that the chance of B winning a game with C is 

/(I -/) 
/(I -/)+/(!-/)■ 

7. If lines drawn from the angular points A, B, C of a triangle so as 
to bisect the opposite sides, make angles o, /3, 7 with the sides AB, BC, CA 
respectively ; show that 

cot a + cot /3 + cot 7 = 3(cot /i + cot ^ + cot C). 

8. Solve completely the equation 

cosx+cos7^ = cos 4^, 
and write down all the angles between 180° and 360° which satisfy it. 

9. Employ De Moivre's theorem in Trigonometry to obtain the cube 
roots of unity. If u be either of the imaginary roots, show that i + u + a^ = o. 

Exhibit 3^-xy+y^ as the product of its imaginary linear factors. 

10. An observer in the first place stations himself at a horizontal 
distance a feet from a column standing upon a mound. He finds that the 
column subtends an angle tan"'J at his eye, which may be supposed on the 
horizontal plane through the base of the mound. On moving §a feet 
nearer the column he finds the angle subtended unchanged. Find the 
height of the mound and of the column. 

11. Find the sums to n terms of the series 

(x) sine+sin(e+a) + sin(e + 2o) + 

(2) s,w?e + sai\e + a) + s\n^(e + 2a)+ 
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VII. MECHANICS. 

\^Full marks may be obtained for about three-fourths of the paper. Mathe- 
matical instruments must be used for questions requiring a graphical 
method of solution.^ 

1. Two forces are represented in magnitude and direction by two 
straight lines AB, CD ; show that their resultant is represented by twice 
the line joining the middle points oi AC and BD. 

2. Solve graphically the following problem. 

A uniform triangular lamina ABC of 3 lbs. weight can turn in a vertical 
plane about a hinge zX. B; it is supported with the side AB horizontal by a 
prop at the middle'point of BC. Find the pressure on the prop and the 
strain on the hinge. 

AB-Ji'm., i?C=2jin., .<4C = 2in. 

3. Explain what is meant by the " coefficient of limiting friction," and 
show how to determine from it the direction of the mutual resistance 
between two bodies, when slipping is on the point of taking place between 
them. 

Solve graphically the following problem. 

A uniform rectangular block ABCD of 40 lbs. weight rests upon a, 
rough horizontal plane CD {jx = J), and a horizontal force of 10 lbs. acts at 
D; find the magnitude of the least force P which, applied at the middle 
point of BC parallel to the diagonal DB, will move the block. 
AB=\'^\xi., ^C= '8 inches. 

4. Two forces P, Q make angles a, § with a third force R upon oppo- 
site sides of it ; find the magnitude and direction of their resultant. 

If a = ;8, and R = 2i^PQ show that the resultant = P+ 2JPQ. . cos o -I- Q. 

5. Show that if two couples are in equilibrium their moments must be 
equal but of opposite sign. 

A thin ring of radius R and weight W is placed round a vertical 
cylinder of radius r, and is prevented from falling by a nail projecting 
horizontally from the cylinder. Find the pressure between the cylinder 
and the ring. 

6. A uniform ladder rests at an angle of 45° with the horizon with its 
upper extremity against a rough vertical wall and its lower extremity on 
the ground. If ^t, / be the coefficients of limiting friction between the 
ladder and the ground and wall respectively, show that the least horizontal 
force which will move the lower extremity towards the wall 

= xw ^ + ^1^-1^1^' , 
i-fi' 
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7. Assuming the relation s = ut+ \ffi, find an expression for the 
velocity at any moment in terms oiu,f, and s. , 

The greatest height attained by a particle projected vertically upwards 
is 225 feet ; find how soon after projection the projectile will be at a height 
of 176 feet. 

8. In the case of a single moveable pulley the free end of the string 
passes round a fixed pulley and supports a weight P greater than \ W, 
where W = the weight suspended from the moveable pulley. Find the 
tension of the string during the ensuing motion, the three parts into which 
it is divided by the pulleys being parallel. 

9. Two equal particles start simultaneously from the origin and describe 
the straight lines x+y = o, x-^y-o with uniform velocities 9», io» 
respectively, the motion of each particle being to the right of the axis oiy. 
Show that the centre of gravity of the particles moves with uniform velocity 
8j2<, and find the equation of its path. 

10. An imperfectly elastic ball impinges with given velocity and in a 
given direction upon a smooth fixed plane ; find the motion of the ball 
after impact. 

Given the initial position of the ball, show that whatever be the 
velocity and direction of projection before impact the line of motion of the 
centre of the ball after impact will pass through a fixed point, 

11. Find the velocity acquired by a heavy particle in sliding down a 
smooth curve. 

A small heavy ring can slide upon a cord 34 feet long which has 
its ends attached to two fixed points ^ , ^ in the same horizontal line and 
30 feet apart. The ring starts — the string being tight — ^from a point 5 feet 
from A ; show that, when it has described a length of the cord = 3 feet, 
its velocity will be'i0'i2 feet per second nearly. 

12. Show that the path of a projectile in vacuo is a parabola and give 
a construction for finding the position of its focus. 

A particle slides down a rough inclined plane AB; show that, if i^be 
the focus of the parabolic path described after leaving the plane, the angle 
AFB = - + the angle of limiting friction. 



14 



MATHEMATICAL EXAMINATION PAPERS 

FOR ADMISSION INTO 

Pogal (lEilttars <^£ai)etnB, ISooltoich, 
November, 1890. 



OBLIGATORY EXAMINATION. 



I. EUCLID (Books I.— IV. and VI.). 

\_Ordinary abbreviations may be employed ; but the method of proof must 
be geometrical. Proofs other than Euclid s must not violate Euclid's 
sequence of propositions. Great importance will be attached to accuracy. '\ 

1. The angles at the base of an isosceles triangle are equal to one 
another ; and if the equal sides be produced the angles on the other side of 
the base shall be equal to one another. 

2. If a straight line falling on two other straight lines, make the 
alternate angles equal to one another, the two straight lines shall be 
parallel to one another. 

3. Define a rhombus ; and show that a rhombus is a parallelogram, 
and that its diagonals are at right angles. 

4. If a straight line be divided into any two parts, the square on the 
whole line is equal to the squares on the two parts together with twice the 
rectangle contained by the parts. 

Show that the area of any rectangle AHGC is half the area of the 
rectangle contained by the diagonals of the squares described on two 
adjacent sides oi AHGC. 

W. P. I M 



WOOLWICH ENTRANCE EXAMINATION. 

5. In obtuse-angled triangles, if a perpendicular be drawn from either 
of the acute angles to the opposite side produced, the square on the side 
subtending the obtuse angle is greater than the squares on the sides 
containing the obtuse angle, by twice the rectangle contained by the side 
on which, when produced, the perpendicular falls, and the straight line 
intercepted without the triangle, between the perpendicular and the obtuse 
angle. 

If squares ABDE, ACFG be described outwards on the sides AB, AC 
of a triangle ABC; show that the sum of the squares on EG and BC 
is double of the sum of the squares on AB and AC. 

6. A segment of a circle being given, describe the circle of which it is 
a segment. 

7. If two straight lines cut one another {noi at right angles) within a 
circle, the rectangle contained by the segments of one of them shall be 
equal to the rectangle contained by the segments of the other. 

8. If from the extremities of the diameter AB of a semicircle AEDB 
chords A CD, BCE be drawn to meet the semicircle in D and E respec- 
tively ; show that the square on the diameter is equal to the sum of the 
rectangles AC. AD and BC . BE. 

9. Inscribe a square in a given circle. 

The circumference of each of two circles passes through the centre of 
the other ; describe a square in the figure which bounds the space common 
to the two circles. 

10. Inscribe an equilateral and equiangular pentagon in a given circle. 

11. If a straight line be drawn parallel to one of the sides of a triangle, ^ 
it shall cut the other sides, or those sides produced, proportionally. 

Produce a straight line AB to C, so that the rectangle contained by ^C 
and CB may be equal to the square on AB. 

12. Similar triangles are to one another in the duplicate ratio of their 
homologous sides. 

If the sides BC, CD, DA, AB of a quadrilateral ABCD be trisected 
respectively in A-^ and A^, B^ and B^, C^ and C^, D^ and D^ ; show that 
the figure A^A^B-^B^C-^C^D^D^ is seven-ninths of the whole quadrilateral. 
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II. ALGEBRA. 

(Up to and including the Binomial Theorem; the theory and use of 
Logarithms. ) 

[N.B. — Great importance will be attached to accuracy.} 

1. Multiply x^-2x^ + x- I by ^ + 2x^-x- i, and divide 

ix^-Sx + 6){x^-Sx-In) by {;i:+2)(^2_ iq^ + 2i). 

2. Simplify 

{l-a^)[l-d^){l-c^) + {a-dc)(6-ac){c-al>) 

I -adc 

and write 

2{x-y){x-z) + 2{y-z){y-x) + 2{z-y){z-x) 

as the sum of three squares. 

3. Find the numerical values of the expressions x^+y^+3xy{x+y), 
and x^~y^- yxy(x -y) vrhen ^ = S'S>y = 4'S- 

4. Determine the highest factor which will divide each of the ex- 
pressions 

xi^-iox'''+% a^+7^+li^^-7«-l2, and ^+2^;'- l6^2-2j;+is. 

5. Solve the equations 

, , x-i x-2 _ x-4 ^-5 . 
x-2 x-s~x-S x-6' 

(2) {6-a)x-{c-6)y = c-a. 
(a - c)x -{d- a)y = b-c.- 

6. Determine under what conditions the roots of the quadratic 

p:<^ + qx + r = 
may be real and different, and find between what limits a must lie in order 

that the roots of 

x? + a'^ = 6a-Sx 

may be real. 

3 
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7. Solve the equations 

(1) x' + (l-a^)x = a'^; 

(x+y = 3 

(2) ■| ;c3+y ^ 

8. Two men, A and B, travel along a road 180 miles long in opposite 
directions, starting simultaneously from the ends of the road. A travels 
6 miles a day more than S, and the number of miles travelled each day by 
B is equal to double the number of days before they meet. Find the 
number of miles which each travels in a day. 

9. Obtain the formula for the sum of an infinite number of terms of a 
geometrical progression, the ratio being less than unity, and apply it to the 
determination of the numerical value of the recurring decimal "2342. 

In any geometrical progression of an odd number of terms, prove that 
the sum of the extremes is numerically greater than twice the middle term. 

10. Prove that the number of combinations of /+§' different things 
taken p together, is the same as the number taken ^ together. 

A cricket club consists of 13 members, of whom only 4 can bowl. In 
how many ways can an eleven be chosen so as to include ai least 2 bowlers ? 

1 1. Write down the expansion of -j in ascending powers of .ar as 

far as 6 terms, and determine the value of the infinite series 

3 1.^3^ I . 3 . S 3' 

I + T+ — ^ ^„+ ^—2 ^. + etc. 

2'' 1.22° 1.2.32' 

Prove that if a/ be expanded in ascending powers of -, the co- 

efiicients of the {ir- i)"" and 2?'"' terms are equal. 

12. Given a. series of logarithms of numbers calculated to base c, 
determine the modulus by which each must be multiplied to transform 
them all to base 10. 

Employ logarithmic tables, and determine (l) the value of logjio; 
(2) the number of years in which a given sum will double itself if put out at 
compound interest at the rate of 4 per cent, per annum. 
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III. PLANE TRIGONOMETRY AND MENSURATION. 

(Including the Solution of Triangles.) 

[N.B. — Great importance will be attached to accuracy. ] 

1. Prove that sin 30° = |, and find the values of sin 210° and sin 750°. 

2. Taking A+B less than 90°, prove by a geometrical figure that 

sin {A + B) = sin .^ cos ^ + cos A sin B. 

Prove that 4 sin" 75° = 2 + ^3. 

3. Find tan A in terms of tan 2^, and show, & priori, that two values 
will be obtained. 

Prove that tan 7°3o' = x/6 + ^2 - \/3 - 2. 

4. Solve the equation 

sin 1 1 e + sin 59 = sin 8S. 

5. Prove that, for a triangle ABC, 

(l) a = i5cosC+<rcos^. 

b'^-c^ c'^-a^ a^-b^ ^ 
'^' tan ^ "*" tan ^ tan C ~ °" 

6. Prove that the distances of the centre of the inscribed circle of a 
triangle ABC from the centres of the escribed circles are respectively 

A , B C 

a sec—, (Jsec— , esse—. 

2 2 2 

7. Solve the equation 

tan-M.a7+ i) + tan- V- I) = tan-^^ ; 
and prove that 

sec^(tan-'2) + cosec^(cot-i3) = 15. 

5 



WOOLWICH ENTRANCE EXAMINATION. 
8. Prove that, in a triangle ABC, 

2 t s(s-a) J 
If a = 21, ^ = 23, and f = 32, calculate the angle /i. 



9. Looking out of a window, with his eye at the height of 15 feet 
above the roadway, an observer finds that the angle of elevation of the top 
of a telegraph post is 17° 18' 35", and that the angle of depression of the 
foot of the post is 8° 32' 15"; calculate the height of the telegraph post, 
and its distance from the observer. 

10. Prove that the area of " sector of a circle is equal to half the 
product of the length of the arc and the radius. 

If the area is 2240'567 square feet, and the radius 33 "495 feet, calculate 
the length of the arc. 

11. An iron boiler is constructed in the form of a cylinder with hemi- 
spherical ends. If the radius of the boiler is one foot, and its extreme 
length (inside) four feet, calculate, as a fraction of a ton, the weight of 
water which it will hold, assuming that 1000 oz. is the weight of a cubic 
foot of water. 



OBLIGATORY. STATICS AND DYNAMICS. [Nov. 1890 



IV. STATICS AND DYNAMICS. 
(Obligatory.) 

1. Enunciate the " Parallelogram of Forces,'' and assuming it true for 
the direction of the resultant prove it for the magnitude. 

Two forces are represented in magnitude and direction by OA and 
lOB ; show that the resultant is represented by 3OC, where C is one of 
the points of the trisection of AB. 

2. A, B, C are three points in a vertical plane, A and C lying on 
opposite sides of the vertical line through the highest point B. A string 
ADBCDE having one end fixed at A passes in succession through a light 
smooth ring D, round pegs at B and C, again through the ring, and is 
attached to a weight at its free extremity E. Prove that in the position 
of equilibrium the ring and the weight hang vertically below B. 

3. Show that if three forces in one plane be in equilibrium, their lines 
of action must be parallel or meet in a point. 

A uniform triangular lamina ABC of weight W lying on a smooth 
horizontal table is just raised by a vertical force applied at A ; find the 
magnitude of this force and that of the resultant pressure between the base 
BC and the table. Show that if the applied force be not vertical the base 
BC will not remain at rest. 

4. Define the " moment of a force about a point," and explain how 
the sign of the moment is to be determined. 

The sides BC, CA, AB of a triangle are 3, 4 and 5 feet respectively ; 
find the magnitude and direction of a force acting at C whose moments 
about A and B axe J and 5 foot lbs. respectively. 

5. Find the relation between the power and the weight in the system 
of pulleys in which the same string passes round all the pulleys (neglecting 
the weight of the pulleys). 

Draw diagrams of the above system in which weights of 6 and 7 lbs. 
are balanced by downward forces of i lb. 



WOOL WICH ENTRANCE EXAMINA TION. 

6. Define the " centre of gravity " of a body, and show that if a body 
be freely suspended from a point 0, its centre of gravity will be in the 
vertical line through in the position of rest. 

A uniform wire is bent into the form of an equilateral triangle, how 
must it be suspended in order that it may hang with one side vertical ? 

7. Define "velocity" and "acceleration,'' and explain how each is 
measured when uniform. 

Compare the velocities of two points one of which describes 2 miles in 
7 minutes and the other 60 yards in 11 seconds. 

8. Explain how Attwood's machine may be used to determine approxi- 
mately the measure of the acceleration due to gravity. 

9. A body starts from rest subject to a uniform acceleration /. Write 
down any two relations between i the space described, t the time, ti the 
velocity acquired, and/; 

A particle is let fall from a point 91 feet above the ground. After 
describing 36 feet it meets with an obstruction which diminishes its velocity 
by one-half. Find the whole time of motion and also the velocity the 
particle has when it strikes the ground. 

10. Explain how force is measured in Dynamics, and obtain the value 
of the British unit of force. 

What force must act upon a mass of 65 lbs. to increase its velocity from 
32 to 33 feet per second in passing over 50 feet ? State clearly in terms of 
what unit your answer is expressed. 

11. Enunciate the second law of motion and show how it may be 
applied to investigate the path of a projectile in vacuo. 

A particle is projected from a point and two lines OA, OB are drawn 
to represent in magnitude and direction the velocity of projection and that 
due to gravity at the end of one second. Construct geometrically the 
positions of the particle at the end of the first, second, and third seconds 
of its motion. 
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FURTHER EXAMINATION. 



V. MATHEMATICS (i). 

l^Full marks may be obtained for about three-fourths of this paper. 
Great importance is attached to accuracy. "[ 

1. Distinguish between the dififerent sections of a cone. What do 
central conies become (i.) when equal diameters are at right angles, (ii.) 
when a vertex is at the centre or at infinity ? 

2. If the normal at any point /" of a conic meet the axis in G, show 

"'^^ SG : SP :: SA : AX. 

Show that as P approaches A, PG tends to become equal to the semi 
latus-rectum. 

3. Prove that the tangent at any point of a parabola bisects the angle 
between the focal distance and the diameter produced. 

If Y, Y' be the feet of the perpendiculars from the focus on the tangent 
and normal at any point, show that YY' is parallel to the axis of the 
parabola. 

4. If CP, CD be conjugate radii of an ellipse, show that 

(i.) SP.S'P=CD^; 
(ii. ) {AC- SPf + {SD-ACf= CSK 

5. Define an asymptote, and show that each asymptote of a hyperbola 
is a diameter of the conic which is conjugate to itself. 

If two hyperbolas have the same asymptotes, prove that any chord 
of one which touches the other is bisected at the point of contact. 

6. If two spheres be inscribed in a cone so as to touch the same plane 
section of the cone, show that they touch the section at its foci. 

Show that the locus of the foci of all the parabolic sections of a cone, 
whose vertical angle is 2a, is another cone (vertical angle z6), such that 
tan (9 + a) = 2 tan a. 



WOOLWICH ENTRANCE EXAMINATION. 

7. Draw the lines and curves represented by the following equations : 

(i.) ;t^-/-6y-9 = o; 

(ii.) x'^+f-ix-/s^ = 0; 

(iii.) y^-ifly-^ax = o; 

(iv.) x'' + e,f' - 12X - ■izy = o. 

8. Find, referred to rectangular coordinates, the equation to the 
straight line which passes through {pd , y), and makes an angle a with the 
axis of X. 

Straight lines, all passing through a fixed point, cut two fixed straight 
lines which are at right angles ; show that the locus of the middle point of 
the intercept between the fixed lines is a hyperbola ; and find its asymp- 
totes, and draw the curve. 

9. Write down the general equation to a circle in rectangular co- 
ordinates ; and show from it that if a straight line OPQ be drawn from the 
origin to meet the circle in /"and Q, the rectangle OP . OQ is constant 
for all directions of OPQ. 

10. Show that y = mx - 2am - am^, is the equation to a normal to 
y^ = 4ax. 

Find the equation to the locus of the fourth vertex of the rectangle, of 
which three vertices are the vertex of the parabola and the intersections of 
any normal with the axis and the tangent at the vertex. 

11. Find the equation to a chord of the ellipse 

x^ y^ _ 

in terms of the eccentric angles of the extremities of the chord. 

If the difference between the eccentric angles be 5o°, show that the 
intercepts (a and /3) of the chord on the axes of the ellipse are connected 
by the equation 

12. Prove that 

-=H-^cos9 and - = cos(9-a)-fecosS 
r r 

are the polar equations respectively of a conic, and of a straight line which 

only meets the conic in one point. 

Show that the line joining the focus to any external point bisects the 
angle between the focal vectors to the extremities of the chord which is the 
polar of the point. 
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VI. MATHEMATICS (2). 

\Full marks may be obtained for about three-fourths of this paper. Great 
importance is attached to accuracy. '\ 

1. If two arithmetic means are inserted between two given quantities, 
show that the product of the means is greater than the product of the given 
quantities. 

2. If any finite values be assigned to x, y, 2 so as to satisfy the in- 
determinate equations 

, a^ , a^ , cv^ 
x + — =y + ~= s+—, 
X y z 

show that two, at least, of the values must be equal, and obtain a solution 
in which they are not all equal. 

3. Expand in a series of ascending powers of x, each of the expressions 

(i-x + x^-'^, (i-x-2x^)-'^. 
li pn> In be the respective coefficients of x^ in the two series, show 

that 3?n-/3n = 2"+l- 

4. Prove that if the two continued fractions 

I I 



I 

a + - 



I 


I 


a + 


a 


a - 


a + 



a-H- 



be continued indefinitely, their sura is -. 

a 

5. Explain what is meant by the "scale of relation" of a "recurring 
series." 

Find the scale of relation and the »* term of the series 
I + S + 7 + I7 + 3I + -"- 

6. Find the number of cannon balls in a pyramidal pile, having 
10 balls in each of the four sides of its base. 

Also find the vertical height of the single ball at the top above the 
horizontal plane on which the pile rests in terms of the diameter of each 
ball. 
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7. If tan 4S = 3 tan 28, show that sin 69 = 2 sin 28, and find all the 
values of 6 which satisfy these equations. 

8. Find the length of the straight line drawn bisecting one angle of a 
triangle and terminated by the opposite side. 

If a?!, d^, d^ be the lengths of the lines so drawn from the angular 
points A, B, C respectively, and r be the radius of the circle inscribed in 
the triangle ABC, prove that 

ABC 
cosec— cosec— cosec — 

2 2 2 _2 

«?! (4 d^ ~ r 

9. Write down the expansion of the cosine of an angle in a series 
of powers of its circular measure, and deduce the exponential value of the 
cosine. 

Show that the five roots of the equation :fi = ~i, form a geometrical 
progression whose ratio is ? ^ . 

10. A man walking along a straight road notes when he is in the line 
of a long straight fence, and observes that 78 yards from this point the 
fence subtends an angle of 60°, and that 260 yards further on this angle is 
increased to 120°. When he has walked 260 yards still further, he finds 
that the fence again subtends an angle of 60°. Find the angle which the 
direction of the fence makes with the road, and show that its middle point 
is 120 yards distant from the road. 

11. Sum to « - I terms each of the series 

(1) sin^+sin5^+sin35+..., 

n n n 

(2) xsin-+Ain — + a;Ssin3l+.... 

n n n 
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VII. MECHANICS. 

\FuU marks may be obtained for about three-fourths of the paper. Mathe- 
matical instruments must be used for questions requiring a graphical 
metJiod of solution. ] 

1. Find the resultant of two unlike parallel forces acting upon a rigid 
body. 

AB, CD represent two unlike parallel forces acting at the points A, C. 
Find graphically the position of the line of action of their resultant, and also 
the magnitude of this resultant if one foot represent a force of 50 lbs. 
^^=i-l8in., CZ) = 2-l6in., ^C= 1-38 in., lBAC = 6^°. 

2. If four forces in one plane be in equilibrium, and the lines of action 
of all be given, but the magnitude of only one, show how the magnitudes 
of the other three may generally be determined by the graphical method. 

Mention the cases in which the problem is indeterminate, and show 
how the method of construction fails. Apply the method to the graphical 
solution of the following problem. 

The lower extremity of a uniform beam ED, length 5'i in., rests on the 
ground at the foot of a vertical wall EF, its upper extremity being attached 
by a cord DF, length 2-6 in., to a point F 5-5 in. vertically above E. 
The weight of the beam being 200 lbs., find the tension of the cord and the 
pressures of the beam against the wall and ground at E. 

3. Prove that, if a system of forces acting in one plane upon a particle 
be in equilibrium, the algebraical sums of their resolved parts in two 
directions at right angles are respectively equal to zero. 

A small heavy ring of weight W can slide upon a smooth wire in 
the form of a parabola whose equation is y^ = ^x, the axes of x and y 
being respectively horizontal and vertical. A string attached to the ring 
passes over a smooth peg at the focus and supports a weight P at its other 
extremity. Find the coordinates of the ring in the position of equilibrium 

and show that the pressure between the wire and the ring = /^a . ^2 ' 

13 
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4. State any three necessary and sufficient conditions that a system of 
forces in one plane may be in equilibrium. 

Three forces, /"j, P^, P^, act at the middle points of the sides a, b, i 
of a triangle ABC, and at right angles to those sides. Show that if they 
form a system in equilibrium with Q^, Q^, Q^ acting along the same sides, 
then (the forces being taken in the proper directions) 

^1X4 area of triangle = (P^a - P-Ji)i - (/jO - P-iC)c 

and two similar equations. 

5. Find the centre of gravity of a quadrilateral 6gure which has two 
sides parallel. 

The lengths of the two parallel sides AB, CD of a quadrilateral lamina 
ABCD are a, la respectively, and the weight is W. If the lamina be sup- 
ported in a horizontal position at the points B, C, D, find the pressures on 
the supports in terms of W. 

5. Investigate the relation between the power and the weight in the 
case of the smooth screw. 

7. Define work, and show that, if a number of weights be raised 
through different heights, the amount of work done is equal to that in 
raising a weight equal to the sum of the weights through the height through 
which the centre of gravity of the weights has been lifted. 

An iron cylinder, 12 feet long, 5 feet in diameter, and weighing 1000 cwt., 
is lying on the ground : find the least work that must be expended to raise 
it into a vertical position. 

8. Prove the formula s = ut+\fp, and deduce an expression for the 
space described in the «* second. 

If t represent the whole time of motion to be considered, and if a be the 
space described in the first m seconds, and b the space described in the last 

m seconds, show that s = -. 

9.. A mass P hanging freely, draws another mass Q along a smooth 
horizontal table by means of a string passing over a pulley at its edge : find 
the acceleration {/) and the tension of the string (T), 

If the table be rough, show that the acceleration will be diminished by 
IJ-(g-f), where ix is the coefficient of limiting friction. 

14 
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10. Two elastic spheres, equal in all respects, are moving towards each 

other with equal velocities, their centres being on two parallel lines whose 

distance apart is d-^ (less than d the diameter of either sphere). Prove that 

after impact they will move away from each other with equal velocities so 

that their centres are on two parallel lines whose distance apart d^ is given 

by the equation 

di{e'd''-^{i-e')d^) = d''d^. 

11. A particle is place upon a rough horizontal plate (m = S) at a 
distance of 9 inches from a vertical axis about which the plate can turn : 
find the greatest number of revolutions per minute the plate can make 
without causing the particle to move upon it. 

12. Find the time of oscillation of a simple pendulum of given length. 
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OBLIGATORY EXAMINATION. 



I. EUCLID (Books I.— IV. and VI.). 

[Ordinary abbreviations may be employed; but the method of proof must 
be geometrical. Proofs other than Euclid's must not violate Euclid's 
sequence of propositions. Great importance will be attached to accuracy.'] 

1. Draw a straight line perpendicular to a given straight line of an 
unlimited length, from a given point without it. 

2. Describe a parallelogram which shall be equal to a given triangle, 
and have one of its angles equal to a given rectilineal angle. 

3. On the perpendicular AD of an equilateral triangle ABC another 
equilateral triangle EA D is described ; show that its perpendicular EF is 
one-fourth of the perimeter of the triangle ABC. 

4. Enunciate that proposition in Euclid's second book which is ex- 
pressed directly in algebraic symbols by the formula {2,a-^b)b+d^ = {a + b'f, 
and give the construction by which the proposition is proved. 

W. P. I N 
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5. In any triangle the square on the side subtending an acute angle is 
less than the squares on the sides containing that angle by twice the 
rectangle contained by either of those sides, and the straight line intercepted 
between the perpendicular let fall on it from the opposite angle and the 
acute angle. 

A, B are two given points, and CD a given straight line ; in CD find a 
point P such that the difference between the squares on AP, BP shall be 
equal to twice the square on AB. 

6. Make a square equal in area to a given equilateral triangle. 

7. Draw a tangent to a given circle from a given point outside it. 

8. The opposite angles of any quadrilateral figure inscribed in a circle 
are together equal to two right angles. 

If the opposite sides of such a quadrilateral be produced to meet inP 
and Q, and about the triangles so formed outside the quadrilateral circles 
be described intersecting again in P, show that P, P, Q will be in one 
straight line. 

9. Describe a circle which shall touch one side of a given triangle and ' 
the other two sides produced. 

10. Describe an isosceles triangle having each angle at the base double 
of the vertical angle. 

Construct a quadrilateral whose angles, taken in order, are in the 
proportion 1:2:3:4, and whose longest side is double of that opposite 
to it. 

11. If the vertical angle of a triangle be bisected by a straight line 
which cuts the base, the segments of the base shall have the same ratio 
which the other sides of the triangle have to one another. 

The angle A of a triangle ABC is bisected by AD, which cuts the base 
at D, and is the middle point of BC; show that OD bears the same ratio 
to OB that the difference of the sides bears to their sum. 

12. In any right-angled triangle, any rectilineal figure described on 
the side subtending the right angle is equal to the similar and similarly- 
described figures on the sides containing the right angle. 
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II. ALGEBRA. 

(Up to and including the Binomial Theorem, the theory and use of 
Logarithms. ) 

[N.B, — Great importance will he attached to accuracy."] 

1. Prove that 

(4x -if+{2x- 3)2 + 6(4;c - \)[2x - 3)(3« - 2) = 8{3x - 2f ; 

and divide ' 

(x-\f+{x-\f + l by {x-\Y + {x-lf+l. 

2. Simplify 

2(x^-lf {x-i^{x-if + {x+i,){x+\f , ■ 

{x\-V2){x^-\(i) 2x[x^-\(i) 

and resolve into factors each of the expressions 

x^-2()x+li& and ^ + ^y+y. 

3. Show that the sum of the squares of 5 consecutive numbers is 
divisible by 5. 

4. Find the highest common factor of 

4.ar* + 7,»;^+l6 and i,3<i^+\23^ + <ix'^-l(3. 



5, Solve the equations 

3 

(ids? 367^ _ 



(i.) 3 + l^^ + ^_^^. 
x x^ X— I (x- ly 



n6x^ '■ 
I 9 



,ii.) 1^/5 
1 4x oy 



I. 
3 5 



6. Transform 5363433 from the septenary scale to the denary. 
Multiply together the two numbers 4535 and 246 in the septenary scale. 

7 Solve the equations 

,. ^ ax d , I 
ax 



Cx' 

(ii.) \ 
Kx 



xfi ~ xy +j'^ = 4, 
+y=i. 

3 



WOOLWICH ENTRANCE EXAMINATION. 

8. A courtyard, containing 1300 square feet, is paved with 50 stones 
of one size and 195 of another. If 10 stones of the first size and 7 of the 
second make together 100 square feet, find the size of each stone. 

9. By Mathematical Induction, 

(i.) prove the formula for the summation of a Geometrical Progression ; 
(ii. ) show that the series 

(i5+i') + (25+2') + (3S + 3') + etc. (to n terms) =^!i^ti)!. 

o 

10. Find an infinite geometrical progression whose first term is I, and 
in which each term is twice the sum of all the terms that follow it. 

Define Harmonical Progression; and place two terms at each end of the 
H.P. IS, 20, 30. 

1 1. Find for what value of r the number of combinations of im things 
taken >• at a time is greatest. 

Show that there are two terms in the expansion oi(\-xY 5 greater than 
all the others, when x-^. 

12. When the logarithms of two adjacent numbers are known, explain 
how to determine the logarithm of a number lying between them. 

Find the tenth root of 4325626. 

If ;^3S627. I9i. 4^. be placed at compound interest at the rate of 3I per 
cent, per annum, what will be the amount at the end of 30 years? 
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III. PLANE TRIGONOMETRY AND MENSURATION. 

(Including the Solution of Triangles.) 

[N.B. — Great importance will be attached to accuracy.'] 

1. The tangent of an angle is 2'4.. . Find the values of the cosecant of 
the angle, the cosecant of the complement of half the angle, and the cosecant 
of the supplement of double the angle. 

2. Establish the identities — 

(i.) (cosec.(4 + sec^)^-(GOS/4+sin.4)^ 

= (cot A cosec A + tan A sec A)(s,m A+cos,A)[i+s,mA cos A), 

... . sinM , . . . , zcos^A 

(ii.) 2 - + sm2A+ 7 = 2- 

' ' i + cot.^ l+,tan^ 



3. Simplify 
and prove that 



cos(» - 2)^ - cos nA . 
,sin«^— sin(K-2)/4 ' 



4tan-iJ-tan-i-jJ^ = --. 
4 



4. Prove that 

\/i+tan9+tan29\/i+cotfl + cot^9-sececosecS = i. 

5. In a plane triangle show that the sines of the angles are to one 
another as the opposite sides. 

Show that 

a cos ^ cos 2/4 sin 4 (i5- C) + i5cos^cos2^sin4(C-^) 

+ ircos Ccos2Csin4(^ -j5) = 0. 

6. In the ambiguous case in the solution of plane triangles, if a and b 
are the two given sides a <^, A the given angle, and Cj, C^ the two values 
of the angles opposite the third side, prove that 

cos A cos B = sm -^ . sm -t ^, 

2 2 

taking the smaller of the two values of ^. 

5 



WOOLWICH ENTRANCE EXAMINATION. 

7. In any triangle ABC, if r, r^, r^, ■/■„ are the radii of the inscribed 
and of the three escribed circles respectively, and /„, /j, /« the perpen- 
diculars from the angles on the sides a, 6, c, prove that 

11,1 I III 

-+-+- = - = :r+r + r5 
'■» r^ r^ r A Pi A 

and if the points virhere the perpendiculars meet the sides be joined, the 
perimeter of the triangle so formed is 2a sin B sin C. 

8. Find the values, of the angle C in the triangle ABC from the 
following data : 

b = 785, ,: = 1083, ^ = 37° 1 1' 45". 

9. Adapt to logarithmic computation the expression 

10. A railway tunnel consists of a hollow semi-cylindrical top, termin- 
ated below in a trough with slanting sides and flat base. The radius of the 
former being 12 feet, the base and height of the latter being 20 and 18 feet 
respectively, and the length of the tunnel 1200 yards, find the cost of facing 
the sides and roof with brick at li. 6d. per square foot (tt = ^), 

1 1. Within a hollow sphere of i foot radius is placed a right prism, the 
ends of which are equilateral triangles. The side of one of these being 
1 foot in length, and the surface of the sphere being in contact with all the 
six angular points of the prism, find in cubic inches the volume of the latter. 
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IV. STATICS AND DYNAMICS. 

1. Enunciate and prove the " Triangle of Forces." 

A small heavy ring, which can slide freely upon a smooth thin rod, is 
attached to the end of the rod by a fine string. If the rod be held in any 
position inclined to the vertical, draw a triangle representing the forces 
acting upon the ring. 

2. A rectangular box, containing a ball of weight W, stands, on a 
horizontal table, and is tilted about one of its lower edges through an angle 
of 30°. Find the pressures between the ball and the box. 

3. State the conditions of equilibrium of three parallel forces acting 
upon a rigid body. 

A rod ABC, 16 inches long, rests in a horizontal position upon two 
supports at A and B one foot apart, and it is found that the least upward 
and downward forces applied at C which would move the rod are 4 oz. and 
5 oz. respectively. Find the weight of the rod and the position of its centre 
of gravity. 

4. Show how to find the centre of gravity of a body composed of two 
parts whose weights and centres of gravity are known. 

A solid figure is formed of an upright triangular prism surmounted by a 
pyramid ; if the length of every edge of this figure be a feet, find the height 
of its centre of gravity above the base. 

5. Show that the algebraical sum of the moments of two forces (whose 
lines of action intersect) about any point in the plane containing the forces 
is equal to the moment of their resultant. 

OA, OB are chords, 4 and 5 inches in length, of a circular disk OACB, 
whose diameter OC is 6 inches. If forces of 3 and 4 lbs. act from along 
these chords respectively, find how the disk will begin to move, the point C 
being fixed. 

6. Describe, and show how to graduate, the Danish Steelyard. 

7. Explain how the measure of the velocity of a moving point depends 
upon the units of space and time. 

If the unit of time be half a minute and the unit of length be 2 yards, 
what will be the measure of the velocity of a body which describes, at a 
uniform rate, 14 miles in 3 hours? 



WOOLWICH ENTRANCE EXAMINATION. 

8. Investigate the formula s = ^ffi for the space described from rest by 
a particle subject to uniform acceleration f, and hence deduce a corre- 
sponding expression in the case where the particle has an initial velocity ti. 

A particle is observed to describe 7 feet in 3 seconds, and 13 feet in the 
next 3 seconds ; find its acceleration. 

9. The side BC of a triangle ABC is vertical ; shov? that, if the tim^ 
of falling down the two sides BA, AC be equal, the triangle must be 
isosceles or right angled. 

10. Distinguish, with examples, between the volume, mass, and weight 
of a body, and find the relation between the Units of mass and weight in 
order that ^ may be equal to Mg. 

If the measures of the mass and weight be the same, and the unit of 
length be 2 feet, find the unit of time. 

11. If a force of 15 poundals act upon a mass of 13 pounds, what 
velocity will it generate in 8 seconds ? 

12. A particle is projected in any manner in a vertical plane, show how 
to find its position at the end of a given time. 

A stone is thrown from the top of a tower with a velocity of 50 feet a 
second in a direction making an angle of 30° with the horizon. Find the 
distance of the stone from the point of projection at the end of S seconds. 
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FURTHER EXAMINATION. 



V. MATHEMATICS (l). 

[Full marks may be obtained fir about three-fourths of this paper. Great 
importance is attached to accuracy. '\ 

1. Define a "conic section," and show that a straight line generally, 
cuts a conic section in two points. 

Enumerate carefully all the cases of exception. 

2. Prove that the subtangent at any point of a parabola is double of 
the abscissa, and the subnormal is half of the latus rectum. 

If one side of an equilateral triangle be a focal radius SP of a parabola, 
and another side lie along the axis, show that the third side will be either 
the tangent or the normal at P, and find in each case the length of SP. 

3. Prove that, in any central conic, the square on the ordinate PN 
bears a constant ratio to the tectangle under the abscissae AN, A'N. 

PNP' is a double ordinate of an equilateral hyperbola whose transverse 
axis is AA'. Prove that the directions of AP, A'P' are perpendicular to 
one another. 

4. If from any point O two straight lines be drawn, OPQ, OP'Q, 
intersecting an ellipse in P, Q; P', g', shbw that the rectangles OP. 'OQ, 
OP' . Off are to one another as the squares of the diameters parallel to 
PQ, P'Q' respectively. 

If an ellipse, inscribed in a triangle, touch. one side in its middle' point, 
prove that the straight line joining that point with the opposite kngle .of 
the triangle will pass through the centre of the ellipse. .: . 



WOOLWICH ENTRANCE EXAMINATION. 

5. If from any point P on o. hyperbola a. straight line, drawn in a 
given direction, meet the two asymptotes in R, R' respectively, prove that 
the rectangle RP . PR is constant. 

Hence show that a straight line touching the hyperbola, and terminated 
by the asymptotes, is bisected at the point of contact. 

6. If a right cone be cut by a plane, determine by geometrical con- 
struction the positions of the foci and directrices of the curve of section. 

Show that sections made by parallel planes have the same eccentricity. 

7. Given the coordinates of two points, P, Q, find the coordinates of 
the point in which the straight line PQ is divided in a given ratio. 

Apply your results to show that the straight line joining the middle 
points of the diagonals of a quadrilateral, and the straight line joining the 
middle points of either pair of opposite sides, bisect each other. 

8. Find the angle between the straight lines whose equations, referred 
to rectangular axes, are 

lx + my + c = o, i'x + m'y+c' = o. 

OACB is a parallelogram, whose sides OA, OB are of lengths a, b, and 
make angles a, /3 respectively with the axis Ox. Write down the equations 
of the two diagonals OC, AB, and show that the tangent of the angle 
between them is 

2ab sin (;8 - a) 

9. Prove that the equation of any tangent to the circle x'^-'ry^-fi 
may be written in the form 

X cos a. -Vy sin a = <r. 

Prove also that the locus of the foot of the perpendicular let fall upon 
the tangent, from the point in which the circle cuts the positive direction of 
the axis oiy, is the curve whose equation is 

(x2 +f -ycf = fi{i?-V(y- cf\. 

10. Show that the equation of the normal to the parabola ^ = ^x, 
which is inclined at an angle Q to the axis, may be written in the form 

y-(x-a — a sec^9)tan B. 

If a chord of a parabola, whose inclination to the axis is tan'^v'z, be 
normal to the curve at one end, show that it will subtend a right angle 
at the vertex. 
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11. Investigate the equation of the polar of any point with respect to 
a given ellipse or hyperbola. 

An ellipse and a hyperbola have the same principal axes. Show that 
the polar of a point on either curve with respect to the other touches the 
first curve. 

12. Write down the equations of the latera recta of the conic whose 
polar equation is 

- = I -ecxisd. 
r 

Also show that if r^, r^, r^ be the lengths of three focal radii, each of 
which is equally inclined to the other two, 

1 I I 3 

n r^ r.^ L 



VI. MATHEMATICS (2). 



\_Full marks may be obtained for about three-fourths of this paper. Great 
importance is attached to accuracy.] 

1. If cfi + b^+c''.= yibc, .where a, b, c are finite, show that any one of 
the three quantities 

c?-bc, !^-ca, ^-ab, 

is a mean proportional between the other two. 

2. Find the coefiScient of jr^ in the expansion of 

in a series of powers of x, and show that 

V-87S = -97365 nearly. 

3. A bag contains 3 balls, which are equally likely to be either white, 
black, or red. A white ball is drawn and replaced, and then a black ball 
is drawn and replaced. Find the probability that the next drawing will 
give a red ball. 
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4. Express 





v«^+ 


2a 
20+1 


as a continued fraction, 


and sliow that 






is double of 


2+ 6 + 


I 
2 + 


I 
6 + 




I I 

1+ 2 + 


I 
1 + 


z 
2 + 



5. In liow many different ways can 3 white, 3 red, and 3 blue counters 
"be arranged in 3 rows of 3 each ? 

If there were n counters of each of » different colours, show that the 
number of ways in which the n^ counters could be arranged in n rows of k 
each is 



■ l" X 2" X 2," X ... XI 

6. Solve the simultaneous equations 



(xr'+y^ = 2a^ 



.... J'(j;coso-c)sin(a + ^) = 
\j; cos (a + ;8) = > Cos (a - 

Show that in (ii. ), x +y = 2c cos a. 



(y cos a-c) sin (o - /3) 



7. If 9 be the circular measure of an angle less than a right angle, 

prove that 

sin0>9--, and tan0>e + — . 
4 4 

8. A man, travelling due north along a straight road, observes the 
points A, B at which two distant objects P, Q lie respectively due east, 
and at an intermediate point C he measures the distances AC, BC, and 
the angles PCA, QCB. Show that he will have data from which he can 
calculate the length of PQ and its inclination to, the direction of the road. 

Show that this inclination will be 30°, if each of the measured angles is 
60°, and one of the measured distances is double of the other. 

9. If 2 cos 8 = X + -, express cos n8 and sin tiB in terms of x. 



Also prove that 

t^°''(<I"'"'')=logtan(!: + a 
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10. An open box in the shape of a perfect cube lies on a horizontal 
plane with the diagonals of its base pointing towards the four cardinal 
points. Show that at noon, when the sun's altitude is tan"^(2,^2), the 
portions of the interior surface in sunlight and in shade are as 37 : 43. 

11. Find the sum of each of the infinite series 

/■ \ I I I 

("■) ^s + 7— 9^11^X3+ ••■' 



13 
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Vir. MECHANICS. 

[Full marks may be obtained for about three-fourths of the paper. Mathe- 
matical instruments must be used for questions requiring a graphical 
method of solution.'] 

1. Solve graphically the following problem : — A uniform beam AB, 
weight 100 lbs., is supported by two strings AC, BD, the former making 
an angle of 51° with the horizontal, and the latter being vertical. It is 
maintained at an angle of 5° to the horizon by a horizontal force P applied 
at B. Find, by graphical construction, the value of P in pounds. 

2. Solve the following problem : — A uniform horizontal beam AB, 
weight 100 lbs., is placed with the end A resting against a rough wall AD, 
and is supported by a string CD. Find, by construction, the tension of 
CD in pounds, and the coefficient of friction in operation between the beam 
and the wall at A. 

AB = J^, AC=^', AD = 2'.^". 

3. Three forces, P, Q, P, make equilibrium ; P is given in magnitude 
and position, Q in magnitude only, R in direction only, making an angle 6 
with P. Determine Q and R either by construction or by calculation. 
Show that there are generally two solutions, and that if P> Q there are 
limits to the angle 6, beyond which the question is impossible of solution. 

4. If four forces in equilibrium act along the sides of a parallelogram, 
«how that they are as the sides in which they act. 

If four forces in equilibrium act at right angles to the sides of a paral- 
lelogram (not rectangular) at their middle points, prove that they are as the 
sides on which they act. 

5. A rectangular block ABCD, whose height is double its base, stands 
with its base AD on a rough floor, coefficient of friction J. If it be pulled 

1.4 
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by a horizontal force at C till motion ensues, determine whether it will slip 
on the floor, or begin to turn over round D. 

6. The masses of two particles at A, B are m, m! : \l P be any point, 
prove that the resultant of two forces represented \iy m . AP, m' . BPsuCts 
in GP, and is represented by (m + m')GP, where G is the centre of gravity 
of m, m'. Hence show that if G is the centre of gravity of the masses m, 
m', ot" at any three points A, B, C, the three forces 

m.AG, m'.BG, m" . CG 
make equilibrium. 

If OA, OB, DC are three diverging bars of the same material and same 
section, prove that if their centre of gravity is at 0, the sines of the angles 
they make are as the squares of their lengths. 

7. Find the slope of a smooth inclined plane, if the work done in 
drawing a heavy body up a given length of it, is equal to that done in 
drawing the body along an equal length of a rough floor (coefficient of 
friction \). 

If the floor and plane are equally rough (/i < i), prove that more work 
is done in drawing it up the plane, than along an equal length of the floor, 
whatever be the slope. 

8. If a body is projected vertically upwards, prove that the velocity at 
any point in its ascent is equal to its velocity when passing through that 
point in its fall. 

9. Find the amount of vis viva lost in the direct collision of two 
inelastic balls, masses M, m, velocities «, v. 

If the balls are equal and going in the same direction, show that less 
than half their vis viva is lost. 

10. A flexible heavy string, length 2/, is moving over a smooth fixed 
small pulley, the two unequal portions of it hanging vertically. Prove 
that at the instant, when its middle point is at a distance x below the 
pulley, the acceleration with which it is moving is 

Find also the tension of the string at any assigned point of the descend- 
ing portion at the same instant. 

15 
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11. A projectile thrown at a small elevation (3°), gives a range of 
1000 yards on a horizontal plane. If the plane, instead of being horizontal, 
had an upward slope of 1°, what would be the range in yards, approxi- 
mately ? 

12, A heavy bead, loosely strung on a smooth vertical circular wire, 
falls down it from rest at the highest point 0. When at any assigned 
point, find the velocity with which its distance from (in a straight line), 
is increasing. 



16 



MATHEMATICAL EXAMINATION PAPERS 



FOR ADMISSION INTO 



^ogal JKiUtarg ^cabcmg, Hooltokh, 
November, 1891. 



OBLIGATORY EXAMINATION. 



I. EUCLID (Books I.— IV. and VI.). 

[Ordinary abbreviations may be employed, but the method of proof must 
be geometrical. Proofs other than EmIUs must not violate Euclvts 
sequence of propositions. Great importance will be attached to accuracy. ] 

1. Draw a straight line at right angles to a given straight line, from a 
given point in the same ; and show that two straight lines cannot have a 
common segment. 

2. Give Euclid's Axiom on parallel straight lines ; and show that the 
straight lines which join the extremities of two equal and parallel straight 
lines towards the same parts are also themselves equal and parallel. 

Two quadrilaterals ^5Ci?, EFGH, have the sides ^^, ZJC respectively 
equal to the sides EF, HG ; and also the aingles Which the diagonals A C, 
BD make with AB, CD, namely, CAB, ABD, BDC, DCA respectively 
equal to the angles which the diagonals EG, FH make with EF, HG, 
namely, GEF, EFH, FHG, HGE; show that the quadrilaterals are equal 
in eveiy respect. 

3. To a given straight line apply a parallelogram, which shall be 
equal to a given triangle, and have one of its angles equal to d. given 
rectilineal angle. 

W. P I O 
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4. Enunciate the two propositions represented by 

AB is bisected at C and produced to D ; AE, which is at right angles 
to AB, is divided into two equal parts at F and into two unequal parts at 
G; CH, BI, DKL are drawn parallel to AE; and FK, GHL, £/ parallel 
to AD. Show that the sum of the squares on GD and IL is double of the 
sum of the squares on FC and HK. 

5. In obtuse-angled triangles, if a perpendicular be drawn from either 
of the acute angles to the opposite side produced, the square on the side 
subtending the obtuse angle is greater than the squares on the sides 
containing the obtuse angle, by twice the rectangle contained by the side 
on which, when produced, the perpendicular falls, and the straight line 
intercepted without the triangle, between the perpendicular and the obtuse 
angle. 

6. From any point in the diameter of a circle which is not the centre 
there can be drawn to the circumference two straight lines, and only two, 
which are equal to one another, one on each side of the diameter. 

If two such pairs of equal straight lines are drawn, prove that the chords 
joining the extremities of the unequal straight lines meet upon the diameter 
of the circle (produced if necessary). 

7. If from any point without a circle two straight lines be drawn, one 
of which cuts the circle, and the other touches it ; the rectangle contained 
by the whole line which cuts the circle, and the part of it without the circle, 
shall be equal to the square on the line which touches it. 

8. A quadrilateral ABCD is circumscribed round a circle, touching 
the circle in E, F, G, H. Find the difference of two opposite angles of 
ABCD in terms of the difference of two adjacent angles of EFGH. 

9. Describe a circle about a given triangle. 

10. Inscribe a regular quindecagon in a given circle. 

11. The sijles about the equal angles of equiangular triangles are 
proportionals. 

If in two triangles ABC, DEF, AB is to BC as DE is to EF, and the 
angle A is equal to the angle D, but the angle B unequal to the angle E ; 
show that the angles Cand i^are supplementary. 

12. In equal circles angles, whether at the centres or at the circum- 
ferences, have the same ratio which the arcs on which they stand have to 
one another. 
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II. ALGEBRA. 

(Up to and including the Binomial Theorem, the theory and use of 
Logarithms. ) 

[N.B. — Great importance will be attached to accuracy. '\ 

1. Find the value of 

i68o + (;— 7)[i47o + (?--8){378 + (r-9)(35 + '— 10)}] 
when r = — 'j. 

2. Multiply 

2sfi+/^^+6ifi + %ifi+iox+i by x^-2x+l. 

Find an algebraic function such that when it is divided by e^-ab + V^, 
the quotient is 30^ - Tab + V^ and the remainder is 2.c?(b - a). 

3. Write down one factor of 3^ - i Tx^ +16. 

Divide 3^'' -l^K^+l^) by j;^- 2^+1, so far as to show the four terms of 
highest degree in the quotient, 

4. Define the algebraical Greatest Common Measure and Least 
Common Multiple of two or more functions. 

Find the Greatest Common Measure of 

Ti^-V(>i?-%ifl-(ix+\ and \\xi^+\^-23?-^x-vi. 

5. Simplify the expression 

{x -yf + (z -yf -{x-zy+ z)^ 
(x-y)(z-y)(x-2y+z) 

6. Solve the equations 

(i) I I i(x+6) ^g 6JC+23 . 

X + 2 x+z (•«+2)(^ + 3) x + 3 ' 

(ii.) iix+i^ = Ji, 

7. Examine the meaning of a* and a" in the theory of indices. 
If y = IJioo + 24/10 + 3, 

show that 3(1^ - I )^ - 20<: = O. 

3 
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8. Solve the equations 

(i.) x^-l%x-^z = o•, 

(ii.) N/3>/(«*+2^+3) + i^ + 3 = §a^- 

9. Find the sum of 19 terms of. the Arithmetical Progression whose 3rd 
and 13th terms are 17 and 87 respectively. 

If a:! denote the product of the first x integers, show that 
i.i! + 2.2! + 3.3!+... +x .x\ = (x+i)\-i. 

10. Find the number of permutations of n different things taken 4. 
together. 

If there are 4 flags of ea;ch of 6 different colours, prove that 4 flags may 
be hoisted into a vertical line in 6* different ways. ■ ' 

11. Expand by the binomial theorem, stating the necessary 

(i ~xy^ 

imitations on the value of x. 

If , - 

{l - x)-\l - 3fi)-P(l - 3fi)-i(l - 3I*)-'- = l+x + 2(p3fi +qxr> + rx*) + ... 

show that p = \q = \r = I. 

12. If a number has no integral part, show that the characteristic of 
its logarithm to base 10 is negative, and numerically exceeds by unity the 
number of zeros following the decimal point. 

Calculate (27l8P«x (3-142)2™ 

by the aid of a table of logarithms. 
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III. PLANE TRIGONOMETRY AND MENSURATION. 

(Including the Solution of Triangles.) 

[N.B. — Great importance will be attached to accuracy, \ 

1. Trace the changes in sign and magnitude 

(ijofsinS; (2) of sin( ^ + -sin S ], 
as S changes from o to Ztt. 

2. Prove that 

(i.) (secM +tanM)(cosec^yi + cot^^) = i +z%ex^A cosec''^. 

... , sec ^ + tan ^ sec ^- tan ^ ^/„„„ ^ „„„„ j\ ' 

(u.) —. = 2(sec^ — cosec/S). 

cosec A + cot A cosec ^ - cot ..4 

3. Having given sin ^ = ^ and sin JB = ^, find the value of tan (4 + ?), 

4. Prove that 

sin J(/4 - 5){cos ^ + cos B - sin{A +B)} 

= cos i{A + B){sm{A -B) + cosA- cos B}. 

5. Find an expression for all the angles vphich have the same sine as a 
given angle. 

Having given the value of sin 2A, find the number of values of tan A. 

6. Prove that 

tan'^x+tan'^jr = tan'' -^ , 
l-xy 

and that 

2tan-'| + tan-ilJ = -. 
4 

7. Fiitd the sine and cosine of 18° and also the sine and cosine of 54°. 

8. If R is the radius of the circumscribing circle of a triangle ABC, 
prove that 

cos A cos B cos C _ 1^ 
csinB a sin C * sin .^ R' 

5 
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9. Write down the expression for the cosine of an angle of !> triangle 
in terms of its sides, and prove that, for a triangle ABC, 



'-4 



,in^_J{s-ins-c) 



2 \ 6c 

Having given that the sides of a triangle are 3S'3, 34'S, and f2 find its 
greatest angle. 

10. An observer standing at the distance of 52 feet from the foot of a 
towrer finds that the angle of elevation of the top of the tower is 42° 15' 15"; 
find the height of the tower, the observer's eye being 5 feet from the 
ground. 

11. A piece of wood is in the form of a regular pyramid on a square 
base ; the side of the base is 6 inches, and the perpendicular distance of the 
vertex from the base is 8 inches ; find the number of cubic inches in the 
volume of the wood, and the number of square inches in its surface. 

12. A cylindrical boiler is hemispherical at its two ends ; its radius is' 
2 feet, and its total length is 8 feet ; assuming that a cubic foot" of water 
weighs 62 "S lbs., find the number of tons of water which vidll fill the 
boiler. (Take tt = 3*I4.) 
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IV. STATICS AND DYNAMICS. 
[ The acceleration due to gravity may be taken as equal to 32.] 

1. State and prove the proposition known as the " Polygon of 
Forces." 

Forces i, 2, 3 and 2sj2 act on a point in the directions of the sides AB, 
BC, CD and the diagonal DB of a square ABCD respectively ; determine 
their resultant, graphically or otherwise. 

2. Each of a pair of sculls has four-fifths of its length outside the 
rowlock, and a man sculling pulls at the handle of each with the force P. 
Another man thrusts an oar over the stern against the bottom of the water 
with the force 2P at an angle of 60° to the horizon. Compare their effects 
in propelling the boat. 

3. State the conditions of equilibrium of any number of forces acting 
on a body in one plane. 

A smooth wall is inclined at an angle of 60° to the horizon ; a heavy 
uniform rod AB 4 1.J6 feet long, is in equilibrium at an angle of 45° to the 
wall, its lower end. A, rests on the wall, and a point in it, C, rests on a 
smooth horizontal rail parallel to the wall. Draw a diagram showing how 
the forces act, and find the distance of C from the wall. 

4. Find the centre of mass of a uniform triangular board. 

The sides AB, BC, CD, DA, of a trapezium are of lengths 54, 36, 27, 
45 respectively, AB being parallel to CD. Prove that its centre of gravity 
is at a distance l5 from AB. 

5. Find the ratio of /' to f^ in a smooth screw. 

If a power of i cwt. acting horizontally and at right angles to the 
extremity of an arm 8 ft. 4 in. long will raise S tons by means of a screw 
whose axis is vertical and diameter 2 inches, find the inclination to the 
horizon of the thread of the screw. 

6. Find the relation between the power and weight in that system of 
pulleys in which each string is attached to the weight, the strings being 
parallel and the weights of the pulleys being neglected. 

If there be three pulleys, two of them moveable, and the weight of each 
J lb., what will be the value of P when IV^S lbs. ? 
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7. What is meant by uniform acceleration ? 

A stone is thrown vertically upwards, with a velocity 36 feet per second, 
After what times will its velocity be 12 feet a second ? 

8. A particle moving in a straight line with a uniform acceleration 
passes a certain point A with velocity u. State (without proof) the for- 
mulae which give (i) the distance j subsequently moved over in time t, and 
(2) the velocity v with which the particle will be moving when at a distance 
d from A. 

A railway train, moving with velocity 48 miles an hour, has its velocity 
reduced to 16 miles an hour in 5 minutes. Find the space passed over in 
the interval, the retardation being assumed to be uniform. 

9. Two smooth inclined planes have a common altitude, and their 
inclinations are 30° and 60° to the horizon. Two masses start simul- 
taneously from the common vertex to fall one down each plane. Compare 
(i) their times of falling to the bottom, and (2) their final velocities. 

10. A particle is projected horizontally from the top of a vertical wall 
16 feet high with a velocity 32^3 feet per second. Find its range on the 
horizontal ground, and prove that when it strikes the ground its velocity is 
64 feet per second. 

11. State the law of Newton which tells us how to measure force. 

If the unit of force were that which acting on i ton of mass would in i 
minute generate a velocity of 1 mile a minute, how many units of force 
would the weight of i ton contain ? 

A man 10 stone in weight, who pulls with a force equal to his- own 
weight, drags a 10 ton railway carriage from rest on a smooth horizontal 
line of rails. How far will he move it in one minute? 

12. A mass (ni), falling vertically, draws a mass M along a smooth 
horizontal table by means of a, fine string which passes over a smooth 
pulley at the edge of the table ; find the tension of the string at any time 
and the acceleration produced. If the tension is equal to half the weight 
of m what is the ratio of Mio m? 
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FURTHER EXAMINATION. 



V. MATHEMATICS (i). 

\_Full marks may be obtained for about four-fifths of this paper. Great 
importance is attached to accuracy. 'I 

1. Explain the meanings of a, b, a, p, m, c in the following equations 
representing a straight line : 

X y 

— h"! = I, ;t COS a +_j' sin a -/ = o, y = mx-\-c. 

What are the relations between these constants, if all three equations 
represent the same straight line ? 

2. Find the equations of the sides of a triangle^ the coordinates of 
whose vertices are (l, 4), (2, -3), ( - I, -2), respectively. 

Also find the equations of the bisectors of the angles between the lines 
\2x-¥t,y-\ = o, 3x+4y + y =0, 

3. Find the locus of a point P, so that when I'M and FN are drawn 
respectively perpendicular to two fixed lines, O^and ON, the sum of CM 
and OA''is given. 

4. Find the locus of a point F (1) when the tangents from F to two 
given circles are in a. given ratio, (2) when the sum of the tangents is 
constant. 

5. Being given the focus and two points on a parabola, find the position 
of its directrix, and state the number of solutions of the problem. 

6. Prove that the normal at any point on an ellipse bisects the angle 
between the focal vectors of the point. 

Draw the normals that pass through a given point on the axis minor of 
an ellipse, and find when a solution (other than the minor axis itself) is 
impossible. 
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7. Show that an ellipse can be projected orthogonally into a circle. 

Hence prove that any triangle can be projected orthogonally into an 
equilateral triangle. 

8. In the transformation of the general equation of the second degree 
from one rectangular system of coordinate axes to another, show that the 
quantities a-Vb and ab-h^ remain unaltered, where u, b, zh are the 
coefficients of sfi, jf, xy respectively. 

Find the lengths of the axes of the conic that is represented by the 
equation 

12;!:''- IZxy + Jjfi = 48. 



9. Find what curve is represented by the equation 



and give a figure of the curve. 

10. Prove that the sum of the squares of any pair of conjugate 
diameters of an ellipse is constant. 

Being given in magnitude and position two conjugate diameters of an 
ellipse, find, by geometrical construction, the position and magnitude of its 
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VI. MATHEMATICS (2). 

\Full marks may be obtained for about three-fourths of this faper. Great 
importance is attached to accuracy. "l 

1. Solve the equations 

(i.) (a;+4)(x-3) = Sx/(x + 3)(^-2); 
(ii.) x2-2^j + 3)/2 = a2_2a^ + 3/52"| 
ix^ - zxy +y^ = 3ffi2 - zab + d^) 

2. Find the sum of the series 

1+3 + 6+ ... +i«(« + i). 

The top and bottom layers of a pile of spherical shot are equilateral 
triangles, whose sides contain a and b shot respectively. Show that the 
number of shot in the pile 

= i{b-a+J){b^ + b(a + 2)+a{a + l)}. 

3. Show that 



'Jx^ + d.->,/x^+i = i--x^ + -2-x*-etc. 
4 04 



^_3 

2X 



( nx^ Sx* ) 



4. Show that the expression 



o-c c-a a-b 
will be positive if a, b, c; b, c, a, or c, a, b are in descending order of 
magnitude. 

5. Explain how to solve in integers an indeterminate equation of the 
first degree in two variables. 

Find a number of two digits such that if it be multiplied by three, and 
added to four times the number formed by reversing the digits, the sum 
is 659. 

6. If A and £ be two acute angles, such that sin ^ = f and sin B = ^^, 
prove (without using tables) that A + 2S is greater than 90° and less than 
180°. 
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7. Explain what is meant by Mathematical Induction, and show by 
means of the identity 

cos(» + 1 )9 + cos(» -1)9 = 2 cos n6 cos 9, 

that if 2 cos 6 = x-^--, then 2 cos «^ = ■^+-5. « being a positive integer. 

8. A, B are two stations a miles apart, and P a point moving in a 
straight line. At a given moment the angles BAP, ABP are observed to 
be a, j3, and after a certain interval to be 0+7, /S-y. Find the distance 
described by the point in the interval. 

9. Investigate expressions for the radii of the inscribed and circum- 
scribed circles of a triangle in terms of the sides of the triangle. 

Find their numerical values in the case of a triangle in which 
3 = 36, B = lf i^, C'=4S°30'. 

10. Sum the, series 

sina + sin(o + |8) + sin(o + 2;3.)+ ... to ?« terms. 

The right angle C of a triangle ABC is divided into n equal parts by 
lines which meet the hypotenuse AB in points, Pi, /j, P3, ... /"„-!; show 
that 

CP^CP^'^ ■■■ CP„.,~ 2ab t 4» '/■ 
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VII. MECHANICS. 



\_FuU marks may be obtained for about three-fourths of the paper. Mathe- 
matical instruments, must be used for questions requiring a graphical 
method of solution, ] 

1. Enunciate and prove the Polygon of Forces. 

Five forces OA, OB, OC, OD, OE acting at the point are in 
equilibrium. If the forces in OA, OB, OD be respectively 4, 2, 3, find 
graphically the forces in OC and OE, Given 

Zv4 0^ = 45°, lAOC=\2.o°, lAO = 210°, LA0E = 2']0°. 

2. A rod ACB weighing 25 ozs. rests upon a. smooth peg C, and its 
end A is attached to a fixed point in the same horizontal line with C by 
means of a string OA, Find graphically the position of the centre of 
gravity of the rod and the magnitudes of the tension of the string and the 
pressure between the rod and peg. 

AC = 4i, A0 = 2\, 0C= 24 inches. 

3. A, B, C are three fixed smooth pegs in a vertical plane, A being 
3 feet vertically below B and 4 feet horizontally to the right of C. A string 
13 feet long passes round the three pegs and has its extremities attached to 
a weight W; find the tension of the string and the resultant pressure on 
each peg. 

4. The weights of a system of heavy bodies are fFj, W^, ... and the 
coordiriates of their centres of gravity are jc^, yi; x^, y^; ... respectively. 
Find the coordinates of the centre of gravity of the system. 

A square board is divided into 36 equal squares by lines drawn parallel to 
the sides. A figure is forined by taking the 1st and 4th squares inthe first 
column, the 1st, 2nd, and 4th squares in the second column, the 2nd, 3rd, 

13 
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4th, and Stfi squares in the third column, the 4th, Sth, and 6th squares in 
the fourth column, the 2nd, 3rd, 4th, Sth, and 6th squares in the fifth 
column, and the 3rd, Sth, and 6th squares in the last column. Show that 
the centre of gravity of the figure formed of these 20 squares divides the line 
AB in the ratio of 11 to 13. 

5. A uniform rod rests on the rim of a plate with its middle point at 
the centre of the rim. The plate itself rests on a horizontal plane. A 
downward vertical force, just sufficient to disturb equilibrium, being applied 
to one end of the rod, show that the plate and rod vnill begin to move 
together, or the rod only, according as the weight of the rod is greater or 
less than §rds of the weight of the plate ; ifl, ^a being the diameters of the 
base and rim of the plate respectively, and da the length of the rod. 

6. Define work, and show how it is measured. 

A right-angled triangle ABC turns stiffly in its own plane about the 
middle point of the hypotenuse AB. If forces P, Q, R, just sufficient to 
overcome the resistance, be applied at right angles to the sides BC, CA, 
AB at the angular points, all tending to turn the triangle in the same 
direction, show that the work done by them in turning the triangle through 
a right angle = J{/fc + (/'- Q)(a-i)}; the forces remaining throughout the 
motion parallel to their original directions and constant in magnitude. 

7. A heavy particle slides down a rough inclined plane; find the space 
described from rest in a given time. 

Two particles are projected with a velocity of 40 feet per second from 
points 88 feet apart, the one up and the other down, a rough plane (11 = J) 
inclined to the horizon at an angle tan"^^'^. Find when and where they 
will meet, and account for the double solution [g = 32], 

8. Within n smooth circular tube fixed in a. vertical plane are two 
particles of mass P, Q connected by a string whose length is equal to half 
that of the tube. Find the acceleration of each particle in the direction of 
motion, and the tension of the string supposed tight, when the line joining 
the particles makes an angle 6 with the horizon. 

9. Two smooth imperfectly elastic balls, moving in one plane with 
given velocities in given directions, impinge obliquely on each other ; deter- 
mine the motion of each after impact. 

14 
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10. A particle hangs from a fixed point in a wall by a string of length 
a, find the least velocity which must be given to it in order that it may 
make a complete revolution, without the string becoming slack. 

If the string come in contact with a nail in the wall situated in the 
horizontal line through the point of suspension and at a distance b from it, 
find the least initial velocity in order that the particle may make a complete 
revolution round the nail, without the string becoming slack. 
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OBLIGATORY EXAMINATION. 



I. EUCLID (Books I.— IV. and VI.). 

[Ordinary abbreviations may be employed ; but the method of proof must 
be geometrical. Proofs other than Ettclids miist not violate Euclid s 
sequence of propositions. . Great importance will be attached to accuracy. "l 

1. The sum of any two sides of a triangle is greater than the third 
side, and their difference is less than the third side. 

2. If two quadrilaterals ABCD, EFGH have the four angles A, B, 
C, D respectively equal to the four angles E, F, G, H ; and likewise 
the sides AB, DC respectively equal to the sides EF, HG ; show that 
if AZ> and BC meet when produced the quadrilaterals are equal in every 
respect. 

3. Define parallel straight lines ; and show that parallelograms on the 
same base and between the same parallels are equal to one another. 

W. P. I P 
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4. Enunciate the proposition which is represented in algebraical 

symbols by 

(a + bf+a'=za(a + />) + b'^; 

and give the construction by which the proposition is proved. 

If in a quadrilateral ABCD, the sides AD and BC are each perpen- 
dicular to the side AB, show that the square on DC is less than the sum of 
the squares on the three other sides by twice the rectangle contained by 
AD and BC. 

5. Divide a given straight line into two parts, so that the rectangle 
contained by the whole and one of the parts may be equal to the square on 
the other part, 

6. Define circle, tangent, angle in a segment. 

If a point be taken within a circle, from which there fall more than two 
equal straight lines to the circumference, that point is the centre of the 
circle. 

7. If a straight line touch a circle, and from the point of contact a 
straight line be drawn cutting the circle, the angles which this line makes 
with the line touching the circle shall be equal to the angles which are in 
the alternate segments of the circle. 

If the bisectors of the adjacent angles A and ^ of a quadrilateral ABCD 
meet in E, and the bisectors of the adjacent angles B and C, C and D, 
D and A meet respectively in F, G, H \ show that a circle can be described 
round the quadrilateral EFGII, 

8. If from any point without a circle there be drawn two straight lines, 
one of which cuts the circle, and the other meets it, and if the rectangle 
contained by the whole line which cuts the circle, and the part of it without 
the circle, be equal to the square on the line which meets the circle, the 
line which meets the circle shall touch it. 

9. About a, given circle, describe a triangle equiangular to a given 
triangle. 

10. Inscribe an equilateral and equiangular hexagon in a given circle. 

Show that if /^i/ij/ij/^j... be an equilateral and equiangular figure of 
24 sides, the straight lines A-^A-^^ and A^A-^^ are at right angles. 
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11. If two triangles have one angle of the one equal to one angle of 
the other, and the sides about the equal angles proportionals, the triangles 
shall be equiangular to one another, and shall have those angles equal 
which are opposite to the homologous sides. 

12. Similar triangles are to one another in the duplicate ratio of their 
homologous sides. 

If C be the centre of a circle, OPCQ a straight line cutting the circle in 
/"and Q, OT3. tangent to the circle, and /W another tangent cutting OT 
in N; show that the triangles OPN and TC bear the same ratio to one 
another that 0/" bears to OQ. 
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U. ALGEBRA. 

( Up to and including the Binomial Theorem ; the theory and use of 
Logarithms. ) 

[N.B. — Great importance will be attached to accuracy.^ 

1 . Multiply 

a^ + 2a^l/ + :ial)'' + ^lfi by a^-Za^b + ^aP. 

Also show that 

(x - i^yf -{y- i^f + {2y- ^xf - {2x - 3y)' = 30(jr -y){x +yf. 

2. Divide 

^6_(^4_2^y)^4_^y^3_^ by y?~fx^+pqx-q'^. 

3. Find the highest common factor of 

4^^ - 29;t:2 + 25 and 2x1^ -^^ if - li^ - a^ + \'^. 
Also resolve each of these expressions into the simplest possible factors. 

4. Simplify 
(i.) 



(ii.; 



\-x 2-x I -x + x^ ' 
a^ {?■ 



4^T¥-b sja^ + l^+a 
Also find the value of 

1 ry + i, when x = -r — . 

x — 2ax + o 6 — a 

5. A square of carpet is cut up into strips so as to cover a border 
(a + b) feet wide round the floor of a room, whose length is 100 feet and 
breadth 10b feet. What was the length of the side of the square ? 



6. Solve the equations 

2X 

fJlx-2 - -Jx + 7 _ ^-3 



(ii.) ■ == . 

\'Sx-2 + Jx + y 2j;+i 



(i.) ?^ = 3^=7J; 
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7. Find the sum, product, and difference of the roots of the quadratic 
equation 

x^' — ibx+fi - o. 

Write down an equation whose roots are each equal to the sum of the 
reciprocals of the roots of the given equation. 

8. A cask was filled with wine and water mixed together in the pro- 
portion of 5 : 3. When 16 gallons of the mixture had been drawn off and 
the cask filled up with water, the proportion became 3 : 5. How many 
gallons did the cask hold ? 

9. The first and last of 46 terms in Arithmetical Progression were 
- S and + 25 respectively. Find the two middle terms and the sum of all 

the terms. 

Also find two numbers whose arithmetic mean exceeds their geometric 
mean by 2, and whose harmonic mean is one-fifth of the larger number. 

10. A purse contains a sovereign, a half-sovereign, a half-crown, a 
florin, a. shilling, a threepenny piece, and a penny. How many different 
sums of money can be obtained by taking out four of the coins ? 

If two sovereigns were added to the contents of the purse, how many 
different sums could then be obtained by taking out four coins ? 

11. Write down the continued product of the n factors 

l+x-i, \-\-x^, I+X^, I+Xi, i+x^, 

and deduce the expansion of (i-l-.it:)" by the Binomial Theorem. 

Also write down the twelfth term and the middle term in the expansion 

12. Explain how the different powers and roots of numbers may be 
found by means of logarithms. 

What is the smallest number of terms which may be taken of the 
Geometric Progression 4, 6, 9, ... to have a sum exceeding 8000 ? 
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III. PLANE TRIGONOMETRY AND MENSURATION. 
(Including the Solution of Triangles. ) 

[N.B. — Great importance will he attached to accuracy.'\ 

1. Compare the magnitudes of the unit of circular measure and the 
degree. 

Find correct to one second, the time between one and half-past one 
o'clock when the circular measure of the angle between the hands is \. 

2. Express all the trigonometrical functions of an angle in terms of the 
tangent. 

If tan B = 21_, tan = —i- , 

\—x cos <j> I —y cos 6 

., . sin S X 

prove that -: — = — . 

sm0 y 

3. Find sin {A + B) in terms of sines and cosines of A and B. Find 
also sin t,A and cos lA in terms of sin A, and \i A is less than 180°, prove 
that sin \A is less than 4 sin A. 

4. Find the smallest positive values of A and B from the equations 

f tan ^ + tan .5 = cot ^ + cot B, 
1 A-B = 6o\ 

5. Prove that 

sin A -svaB = 2 sin cos . 

2 2 

Prove also that 

sin 5/4 - sin ^A = 2 sin .^ - 4 sin A sm^zA. 

6. Find tan [A + B+C)va. terms of the tangents of A, B, and C. 
Prove that in any triangle ABC 

cot A cotB + cniBcotC+cot CcotA = i. 
6 
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7. In every triangle the sides are proportional to the sines of the 
opposite angles. 

If the cosines of two of the angles are inversely proportional to the 
opposite sides, prove that the triangle is either right-angled or isosceles. 

8. Explain the notation sin~'a. 

If tan" ^o = cosec'-'rt = cos"^^, prove that one value oib is 

2 

9. Find the area, and radius of the inscribed circle, of a triangle whose 
sides are 706, 690, and 240 feet. 

10. From two stations C and D, on the same side of the line AB, 
joining the two objects A and B, whose distance apart is known, the angles 
ACB, BCD, CDB, and ADB are observed, show how CD may be found. 

If ACB = ^a°, ADB = TS°, BCD^zo', CDB = ios°, 
prove that 

CD= ^^^ 



11. The height of a conical tent is 7i feet, and it is to inclose 200 
square yards of ground, find how much canvas will be required, (tt = ^^-.) 

12. The silk covering of an umbrella forms a portion of a sphere of 
3i feet radius, the area of the silk being 14I square feet. Find the area of 
the ground sheltered from vertical rain when the stick is held upright. 
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IV. STATICS AND DYNAMICS. 
\The acceleration due to gravity may be taken as equal to y, foot-second units.'] 

1. If the side of a regular hexagon ABCDEF represents- a force of 
loo lbs., find, to the nearest pound, the magnitudes of the forces represented 
by the straight lines AE, AD, FB ; and, supposing them to act at a point, 
show how to draw, by the Polygon of Forces, the line representing their 
resultant. 

2. A uniform rod AB which can turn freely in a vertical plane about a 
hinge at A, is kept in a horizontal position by " string BC attached to a 
fixed point C in the vertical plane, the angle ABC being obtuse. Show in 
a diagram the forces acting on the rod, and prove that two of them are 
equal. 

3. State the conditions of equilibrium of a system of forces acting in 
one plane on a particle (i.) when the particle is otherwise free, and (ii.) 
when it is constrained to move on a smooth straight rod in the plane of the 
forces. 

A ring C rests upon a fixed smooth horizontal rod AB, whose length is 
13 feet. To the ring are attached two strings, one of which is 7 feet long 
and has its other extremity fixed at A, the other passes over a smooth hook 
8 feet below B and supports a weight of 20 lbs. Find the tension of the 
string A C. 

4. Define the centre of gravity of a body ; and show how to find the 
position of the centre of gravity of a body formed of two parts whose 
weights and centres of gravity are given. 

A line BOC is bisected at right angles by a line AOD, the lengths of 
A 0, OD being 5 and 7 inches respectively ; find the distance of the centre 
of gravity of the figure ABDC from 0. 

5- Point out the use of a single smooth pulley (i.) when fixed, (ii.) 
when moveable, and in the latter case investigate the relation between the 
power and the weight when the angle between the portions of the string 
diverging from the pulley is o. Within what limits must a lie in order 
that there may be mechanical advantage ? 

8 
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6. Two weightless levers AOB, COD, whose lengths are 8 and 9 
inches respectively, are jointed together at O four inches from B and D. 
If A, C be connected by a string 3 inches long, and B, D be pulled apart 
by forces P, P, in the straight line BD, find the tension of the string. 

Draw a diagram showing the forces acting on the lever A OB. 

7. Enunciate the First and Second Laws of Motion, and give examples 
of force producing change of motion as regards (i.) magnitude only, (ii.) 
direction only, and (iii.) both magnitude and direction. 

8. Compare the velocities of two particles, one of which describes 
4j miles in 35 minutes, and the other 77 feet in 2 seconds. 

9. A particle moves from rest under the action of a uniform force ; 
express the velocity acquired, the acceleration, and the force, in terms of s 
the space described, t the time, and m the mass of the particle. 

A smooth tube ACB, consisting of two straight portions AC, CB, with 
a bend at its lowest point C, is fixed in a vertical plane, and a particle 
acted on by gravity starts from rest from a point P in the arm AC, and, 
passing the bend C without change of velocity, rises in the arm CB to a 
point Q. Show that PQ is horizontal, and that the spaces CP, CQ are 
proportional to the times in which they are described. 

10. If a force equal to the weight of 21 lbs. act upon a body, and 
generate in it in one minute a velocity of 3 feet per second, find the mass 
of the body. 

11. A particle is projected with a velocity of 80 feet per second in a 
direction making an angle of 30° with the horizon ; find the greatest height 
attained, and the range on the horizontal plane through the point of 
projection. 

Find also the velocity of the particle and its distance from the point of 
projection at the end of two seconds. 



WOOLWICH ENTRANCE EXAMINATION. 



FURTHER EXAMINATION. 



V. PURE MATHEMATICS. 

\Full marks may be obtained for about three-fifths of this paper. No Can- 
didate must attempt more than ten questions. Great importance will be 
attached to accuracy.'] 

1. Prove that the sum of the squares of any three real quantities, 
which are not all equal, is greater than the sum of the products of every 
two of the quantities. 

2. Expand 

(l-xf 



l + x + x' 
in a series of ascending powers of x. 

If a, be the coefficient of x'' in this expansion, prove that 

"in = °J "sn+2 ~ "»n+l = 6. 

3. Find two numbers whose product exceeds the square of the smaller 
by the double of the greater. (Only one solution is required. ) 

4. In a certain triangle ABC the base AB and the perpendicular alti- 
tude are each equal to the radius of the circumscribing circle. Prove that 

ab = 2c^ and cot^-Fcot^ = I. 

5. A vertical column stands on an inclined plane. The elevation of 
the top of the column above the horizon is found to be 45° at points on this 
plane respectively a ft. and b ft. from the foot of the column along the 
line of greatest slope through the foot. Show that the inclination of the 
plane to the horizon is 

"-(SI). 

and that the square of the height of the column is the harmonic mean 
between a^ and b^. 
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6. Show that 9, the circular measure of an angle not exceeding half a 
right angle, is equal to the sum of either of the infinite series 

tan 9-itan3fl + itan5e-^tan''e+ ..., 
sin2e-4sin4e + isin60-isin8S+ .... 

7. The tangent at any point /" of a conic section, whose focus is S, 
meets the directrix in D. Show that the angle PSD is a right angle. 

If in a parabola the abscissa of P be one-twelfth of the latus rectum, 
PD will be bisected by the axis. 

8. If SY, S'V be the perpendiculars from the foci of an ellipse on 
the tangent at a point P, show that SY . S'Y' = BC. 

Show also that, if the circle on YY' as diameter cut the normal at P in 
R, and PN be the ordinate at P, PN: PR :■.£€: SC. 

9. Prove that the difference of the squares of any two conjugate 
diameters of a hyperbola is constant. 

If the base and one of the equal sides of an isosceles triangle be the 
asymptotes of a hyperbola which touches the other side, prove that the 
difference of the squares of any two conjugate diameters is double of the 
square of the base of the triangle. 

10. Express the area of a triangle in terms of the rectangular co- 
ordinates of its angular points. 

Hence find the area of the triangle formed by joining the points, 
whose coordinates are (a, c+a), (a, c), ( -a, c — a), and verify your result 
geometrically. 

11. AOA', BOB' are two perpendicular diameters of a circle, and 
M, N are the middle points of OA, OB respectively. Taking these 
diameters as axes of coordinates, write down (l) the equations of the 
straight lines AN, B' M; (2) the equations of the radii drawn to the two 
points where AN, .5'jl/ produced cut the circumference of the circle. 

What is the angle between the two radii ? 

12. Prove that the polar equation of a parabola, with the focus as 
pole, may be written in the form 

r COS'' -- a. 
2 

Prove also that the equation of the polar of a point, whose coordinates 
are (/, ff'), is 

rr' sin sin 0' + 2a(r cos + r' cos 0') = 4a'. 



WOOLWICH ENTRANCE EXAMINATION. 

13. Find the equation of the straight line joining two points on an 
ellipse whose eccentric angles are given. 

If tangents are drawn to the ellipse at two points, whose eccentric 
angles differ by 120°, show that their point of intersection will always lie 
on a similar and similarly situated ellipse, whose axes are twice as long as 
those of the given ellipse. 

14. Find the equation of a hyperbola, of eccentricity j , which has one 
focus at the point (a, o), and the equation of the corresponding directrix 
4^ - 3;' = a. 

Find also the coordinates of the centre, and the equation of the other 
directrix. 
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VI. MECHANICS. 

\^Full marks may be obtained for about two-thirds of this paper. Great 
importance is attached to accuracy. N. B . — g may be taken = 32. ] 

1. If OA and OB represent two forces in direction and magnitude, 
find the line OR representing their resultant. 

If OC and OD be two equal lines cut off from OA and OB respectively, 
and if OR meet CD in G, find the ratio of CO to GD. 

2. A rod AB, whose centre of gravity is at G, is supported at an 
angle of 42° to the vertical, with one end A in contact with the smooth 
vertical wall AD, by a string attached to the point C of the rod and also to 

a point in the wall. 

AB = f, AC=i", AG=if. 

Find graphically the length of the string and its tension in terms of the 
weight of the rod, which is 55 ozs. 

3. The horizontal rod BEC and the rod DE being without weight, 
and the latter perfectly rigid, find graphically the actions at B and E when 
the weight 150 lbs. is suspended from C. BD is vertical and 

BC=i-S, BE--% DE=i-i, BD= 1-2. 

4. Find the relation between the power and the weight in the smooth 
wedge whose transverse section is an isosceles triangle. If the pressure 
between the wedge and the separated points in contact with it be pro- 
portional to the distance between these points, prove that the work done is 
proportional to the square of the distance of penetration. 

5. The uniform square ABCD rests vertically with the side BC upon 
a ■ horizontal plane, coefficient of friction J, and has a rope attached at D 
and passing over a small smooth pulley at the point E in BA produced till 
EA is equal to AB. If the rope be pulled, find whether the initial motion 
of the square will be tilting or sliding. 

6. Apply the laws of motion to determine the path of a projectile. 
From a given point in a railway carriage, moving with uniform velocity 

in a straight line, bullets are fired continuously with a constant velocity at 
right angles to the rails, and with a constant inclination to the horizon. 
Find the locus at any instant of all the bullets which have not reached the 
ground. 

13 
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7. Find the acceleration down a smooth inclined straight line. 

Two particles slide down two straight lines, in the same vertical plane, 
at right angles to one another, starting simultaneously from their point of 
intersection ; prove that their distance apart, at any time, will be equal to 
the distance either would have descended vertically in that time. 

8. What is the experimental principle assumed in determining the 
velocities of two given elastic balls after direct impact ? If the elasticity is 
perfect, prove that the total kinetic energy is unaltered by impact. 

Prove also the converse of this proposition. 

9. Two equal and perfectly elastic spherical beads, each of radius r, 
strung upon an inextensible string, are placed on a smooth table and are 
drawn apart to the greatest possible distance a between their centres. One 
of them is then projected directly towards the other with a given velocity u. 
Determine their distance apart, and their velocities, at any time t from 
projection. 

Write down the equation to the path of their centre of gravity, supposing 
the table removed at the instant of projection. 

10. Two given weights are connected by a string passing over a smooth 
pulley. Determine their acceleration and prove that the resultant pressure 
between the string and pulley is less than it would have been if half the 
sum of the weights had been suspended at each end of the string. 

11. Define the terms Work, and Energy (potential and kinetic), 
stating the units commonly used in each case. 

A shot of 6 lbs. weight leaves the muzzle of a gun of 6 cwt. in a 
horizontal direction with the velocity of 1000 feet per second. Find the 
potential energy of the charge in the ordinary units, assuming that the gun 
is perfectly rigid, its bore smooth, and the carriage free to move on a 
horizontal plane. 

How would the conclusion be affected in the absence of any one of these 
assumptions. 
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MATHEMATICAL EXAMINATION PAPERS 



FOR ADMISSION INTO 



^02^1 cPilit^^B JlJ^abemg, SEooltoich, 
November, 1892. 



OBLIGATORY EXAMINATION. 



I. EUCLID (Books I.— IV. and VI.). 

[Ordinary abbreviations may be employed, but the method of proof must 
be geometrical. Proofs other than Euclid s must not violate Euclid s 
sequence of propositions. Great importance will be attached to accuracy. ] 

1. Make a triangle of which the sides shall be equal to three given 
straight lines ; and show that if ABC be a triangle with the vertical angle 
at A greater than either of the base angles, it is not possible to form a 
second triangle with sides equal to those of ABC and base equal to twice 
BC. 

2. Give Euclid's Axiom on Parallels, and those on the addition and 
subtraction of equals to and from equals and unequals. 

Prove that if a straight line fall on two parallel straight lines, it makes 
the alternate angles equal to one another ; and the exterior angle equal to 
the interior and opposite angle on the same side ; and also the two interior 
angles on the same side together equal to two right angles. 

3. ABC being an isosceles triangle, and D any point in the base BC ; 
show that the perpendiculars to BC through the middle points of BD and 
DC divide AB and AC bX H and K respectively, so that BH= AK and 
AH= CK. 

w. P. r Q 
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4. If a straight line be bisected, and produced to any point, the 
rectangle contained by the whole line thus produced, and the part of it 
produced, together with the square on half the line bisected, is equal to the 
square on the straight line which is, made up of the half and the part 
produced , 

Prove this ; and give its equivalent in algebraical symbols. 

5. Prove that in every triangle, the square on the side subtending an 
acute angle, is less than the squares on the sides containing that angle, by 
twice the rectangle contained by either of these sides, and the straight line 
intercepted between the perpendiculair let fall on it from the opposite angle, 
and the acute angle. 

If in a quadrilateral ABCD, the square on AB is greater than the 
squares on the three other sides BC, CD, DA by twice the rectangle CD, 
DA, show that the angle ACB is obtuse. 

6. Prove that the straight line drawn at right angles to the diameter 
of a circle, from the extremity of it, falls without the circle ; and that no 
straight line can be drawn from the extremity, between that straight line 
and the circumference, so as not to cut the circle. 

Give the corollary to this proposition. 

7. Prove that the angle at the centre of a circle is double of the angle 
at the circumference on the same base, that is, on the same arc. 

If the diagonals of a quadrilateral inscribed in a circle cut at right 
angles, show that the angles which a pair of opposite sides of the quadrila< 
teral subtend at tbe centre of the circle are supplementary. 

8. If from any point without a circle two straight lines be drawn, one 
of which cuts the circle, and the other touches it ; prove that the rectangle 
contained by the whole line which cuts the circle, and the part of it without 
the circle, is equal to the square on the line which touches it. 

9. Inscribe a circle in a given triangle ; and indicate the construction 
when the circle is required to touch one side externally. 

10. Inscribe a regular pentagon in a given circle. 

If a regular pentagon and a regular hexagon be on the same base and 
on the same side of it, prove that the pentagon is wholly within the 
hexagon. 
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11. In a right-angled triangle, if a perpendicular be drawn from the 
right angle to the base, prove that the triangles on each side of it are 
similar to the whole triangle, and to one another. 

If AB, BC be two sides of a regular figure, L and M their respective 
middle points, and O the centre of the inscribed circle, show that the 
triangle ^Z^has to the triangle OLM the duplicate ratio of that which a 
side of the figure has to the diameter of the circle. 

12. Prove that in equal circles, angles, whether at the centres or 
circumferences, have the same ratio which the circumferences on which 
they stand have to one another. 



WOOL WICH ENTRANCE EXAMINA TION. 



II. ALGEBRA. 

(Up to and including the Binomial Theorem, the theory and 
use of Logarithms. ) 

[N.B. — Great importance loill be attached to accuracy.'^ 

1. Multiply 

^ + 2('ia-2b)x + ga^ by zx-yz, 
and divide 

i6a*-&aHc + l^c^ by za-s/k. 

2. Extract the square root of 

^ 3 27 81 

3. Define the meaning of the symbol -, and from your definition 

show that -; = — r, where a, b, n are positive integers. 
b nb 

Arrange in order of magnitude, a, b, n being positive integers, 

na (n+i)a na (n-l)a 

{n+i)b' nb ' {n-l)b' nb ' 

and justify' your arrangement. 

4. Simplify 

(i.) Va^-ria-nr, 

^" \2x'-$ax-2a^ 2x^-5ax + 2a^} 

./ I I \ 

\_2x'' + 3ax-2a^ 2x^ + ^ax + 2a^ j ' 

.... . a^-b^ 

(m.) 



a-b + ^^^+^ 



a + b a 
b a-b 



5. Find the value of 

I ) when x=:a(i+2i>fi), 

\x-aj 3« ^" 

and reduce 

v'6-\/i7-i2\/2 
to the simplest possible surd form. 
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6. Solve the equations 

(i ) -^ 3-^-10 ^ 5 
jf+2 3^-9 3-^' 

(ii. ) 2,ax — by = (fi, bxy = a?, 

(iii.) Vjx- i4 + >/3jr- 13 = aV^ + Vajc+i. 

7. Prove that a quadratic equation cannot be satisfied by more than 
twro values of the unknown quantity. 

In a certain quadratic the coefficients of x^ and x are I and 2 respectively, 
and the addition of 8 to each of the roots changes the sign: but not the 
magnitude of the third term. Find the original quadratic, and the co- 
efficient of X in the transformed equation. 

8. Insert five arithmetic means between a -2b and 3« + b. 

The last term of an arithmetic progression is ten times the first, and the 
last but one is equal to the sum of the 4th and 5th. Find the number of 
the terms, and show that the common difference is equal to the first term. 

9. Find the number of arrangements that can be made of the letters 
of the word infinite, (i) when they are taken all together, (2) when they are 
taken four together so that each arrangement has two vowels and two 
consonants. 

10. Write down the first five terms in the expansion of (i -4^)^ by 
the Binomial Theorem, and show that the coefficient of x" may be written 
in the form 

2 . 1 2» - 2 



II. Prove that 



log20 + 7log(^) + Slog(g)+3log(g)=i, 

and, by means of the logarithm tables supplied, find the fifth root of 

66901 X 337 
7824 
correct to five places of decimals. 



WOOLWICH ENTRANCE EXAMINATION. 



III. PLANE TRIGONOMETRY AND MENSUJIATION. 

(Including the Solution of Triangles.) 

[N.B. — Great importance will be attached to accuracy.^ 

1. Given that sin A -W; find the other trigonometrical ratios of A. 

2. Trace the changes in magnitude and sign of 

(i.) cote, and (ii.) cos 9 - \/3 sin 5, 
as 6 varies from o to zir. 

3. Prove that 

(i. ) sec^^ + cosec^.<4 = sec^^ . cosec^^ ; 

.... Ar^A + ca^A sin'-4 - cos^/4 _ 
sin ^ + cos ^ An A- cos, A~ ' 

(iii.) tan^- + ^ j-tan(--^ j =2tan2^. 

4. Obtain a formula giving the value of sin— in terms of sin^. 

2 

Show how to get rid of the ambiguities of sign when A lies between 270° 
and 450°. 

5. Prove that 

(i.) cos^ + cos.g = 2cos"^"'"'^cos^lll:?, 
2 2 

(ii.) cos B-cosA = 2 sin ^^^^ sin ^ ~ ■^. 
2 2 

Prove also that 

(i.) siaAsin{B- C) + sin.5sin(C -^) + sin Csin(^ -.S) = o, 

(ii.) sin(.g-C)sin(.ff + C-2^) + sin(C-^)sin(C + .<4-2.ff) 
+ sin(/4-^)sin(^+.g-2C) = o. 

6. Find an expression for sin 72°, and calculate its value correctly to 
three places of decimals. 
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7. Prove that 

where M = mp -nq, N = np + mq. 

8. Explain how to solve a triangle, having given two sides and the 
included angle. 

Given that ^ = 23, c = 32, ^ = 63° ; find a as nearly as you can, by aid of 
the logarithm tables supplied. 

9. Find an expression for tan — in terms of the sides of the triangle 
ABC. 

Prove that, if A is the area of the triangle ABC, 

tan — tan — tan — 

2 2 21 

-, + ,-; sTi s + , 



{a-b){a-cy{J)-c)IJ>-ay(c-a){c-h) A' 

10. The angle of elevation of the top of a tower at a certain spot is 
55°, and at a spot, in the same horizontal plane, 25 yards further from the 
tower the angle of elevation is 47°. Find the height of the tower. 

11. Find the area of the surface (including the ends) of a hexagonal 
prism, whose height is 8 ft. , the base being a regular hexagon with a side 
of length 3 ft. 

12. The radii of the internal and external surfaces of a hollow spherical 
shell of metal are 3 ft. and 5 ft. respectively. If it be melted down and 
the material formed into a cube, find an approximate value for the length 
of an edge of the cube. 



WOOLWICH ENTRANCE EXAMINATION. 



IV. STATICS AND DYNAMICS. 
[The acceleration due to gravity may be taken as equal to '^2 foot-second umts.'\ 

1. Explain how the resultant of two known forces acting on a particle 
may be determined by a geometrical construction. 

If D be the middle point of the base BC of a triangle ABC, and the 
resultant of the forces represented by BA, BD be equal to the resultant of 
those represented by CA, CD, show that the triangle ABC is isosceles. 

2. A, B, C are three points in a straight line ABC. Draw a diagram 
representing the directions of three parallel forces P, Q, R in equilibrium 
acting at these points respectively. State also the necessary and sufficient 
conditions of equilibrium. 

A uniform rod, 2 feet long and weighing 3 lbs., lies on a horizontal 
plane ; find the least force which, applied 5 inches from one end, will 
raise that end above the plane. 

3. Define the moment of a force about a point, and show how it can 
be geometrically represented. 

The side BC of a triangle ABC is bisected in E and produced to F. 
Show that the sum of the moments about F of the forces represented by 
AB, AC \s, equal to twice the moment about F of the force represented 
by^^. 

4. Show that the centre of gravity of a triangular lamina coincides 
with that of three equal weights placed at its angular points. 

A lamina in the form of a right-angled triangle ABC is suspended from 
the right angle C. li CA = 2 feet, and C^ = 3 feet, find the weight which 
must be suspended from A in order that AB may be horizontal in the 
position of equilibrium, the weight of the lamina being 12 lbs. 

5. A smooth rod BC is passed through a small ring and placed upon a 
horizontal plane, with its ends attached to a fixed point A in the plane by 
two strings AB, AC, which are tight. A horizontal force being applied to 
the ring, find its direction, and also the position of the ring on the rod, in 
order that equilibrium may not be disturbed, the lengths of BC, CA, AB 
being 25, 20, and 15 Inches respectively. 
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6. Define a machine, and point out its use as regards work done by it. 

Find the greatest vertical height through which a force of 150 lbs. can 
raise a weight of 4 cwt. by drawing it up a smooth, sloping plank 20 feet 
in length. 

7. Prove that, if an insect crawl along the minute hand of a clock with 
a velocity equal to that of the extremity of the hand, it will pass from one 
end to the other in 9 minutes 33 seconds nearly. 

8. Explain, with examples, what is meant by a particle having two or 
more velocities in different directions at the same instant. 

A particle has two velocities, 3« in a direction from A to B, and 8« in 
a direction from C to A, ABC being an equilateral triangle. Find the 
magnitude of its resultant velocity. 

9. State the expression for the space described in time < by a particle 
projected with velocity «, and subject to an acceleration o in the direction 
of projection. If v be the final velocity, find the space in terms of v, t, 
and a. 

\lu = 20 and 0= 12, the units of time and space being one second and 
one foot, find the space described in the 4th second. 

10. What is meant by the statement that g, the acceleration due to 
gravity, is equal to 32 nearly ? 

Show how you would roughly obtain the value of g by observing the 
motion of two weights P, Q, connected by a string passing round a fixed 
smooth pulley. 

Describe fully a single observation which would give the value of g ; 
P, Q being 47 and 49 ounces respectively. 

11. A particle is projected in any direction not vertical; explain 
clearly why it does not proceed to describe a straight line. 

The engine driver of an express train throws a ball vertically upwards ; 
show in a diagram the actual path of the ball. 



WOOLWICH ENTRANCE EXAMINATION. 



FURTHER EXAMINATION. 



V. PURE MATHEMATICS. 

[Full marks may be obtained for about three-fifths of this paper. No 
Candidate must attempt more than ten questions. Great importance' 
■will be attached to accuracy.'] 

1. A certain council consists of a chairman, two vice-chairmen, and 
twelve other members. How many different committees of six members 
can be chosen, including always the chairman and at least one of the vice- 
chairmen ? 

Show that 8190 is the total number of different committees which can 
be formed consisting of the chairman, one (and only one) of the vice- 
chairmen, and at least one of the other twelve members. 

2. Express as a continued fraction the quotient obtained by dividing 

by 



III ' III 



2a' - 2a' - 2a' - 2a- 2a- 2a- 

3. There are six balls in a bag, each of which is known to be either 
white or black. The first five balls drawn are three white and two black. 
What is the chance that the other ball is white ? 

If the five balls were replaced, and a second drawing gave also three 
white and two black. What would the chance then be ? 

4. A hill in the shape of a right cone stands on a horizontal plane. At 
a certain point in the plane the circular base of the cone subtends a right 
angle, and the elevation of the summit is half a right angle. Show that 
the slant side of the hill, as seen against the sky, subtends 60° at the same 
point. 

5. The lengths of the sides of a right-angled triangle are in arithmetical 
progression. Find the ratios of the sides, and show that the diameters of 
the escribed circles are in harmonical progression. 
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6. Assuming the truth of De Moivre's theorem, prove that 

sin 6 = B-— + , — etc. 

[3 Ls 

Also prove that 

= xsa\0-\ 1 — h etc., 

2 3 

where 2x = sec 0. 

Are these formulse true for all values of S ? 

7. Show how to describe a conic section, whose focus, directrix, and 
eccentricity are given. 

If a series of conies pass through two fixed points, P, Q, and if a directrix 
of each pass through a fixed point in PQ produced, prove that the cor- 
responding foci of the conies all Ue on a fixed circle. 

8. If the ordinate, tangent, and normal at any point of an ellipse meet 
the major axis in JV, T, G, respectively, prove that 

(i.) NG:CN::BC^:ACK 

(ii. ) SC is a mean proportional between CO and CT. 

9. Prove that the latus rectum of an hyperbola is a third proportional 
to the transverse and conjugate axes. 

If SY, the perpendicular from the focus upon an asymptote, be produced 
to meet the conjugate axis in W, prove that YfVis a third proportional to 
the conjugate and transverse semi-axes. 

10. Show how to express the position of a point on a plane by means 
of polar coordinates. 

Indicate in a figure the four points whose polar coordinates are 

respectively, and also the locus of the equation >-(4 - 3 sin^fl) = 83 cos 0. 

11. Find the equations of the two straight lines drawn through the 
point (o, a), on which the perpendiculars let fall from the point (20, 2a) 
are each of length a. 

Show that the equation of the straight line joining the feet of these 
perpendiculars is 

y + 2x = ^a. 
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12. Define the terms fole and polar with respect to a conic section, 
and find the equation of the polar of any point with respect to a parabola. 

If a perpendicular be let fall from the pole upon the polar, prove that 
the distance of the foot of this perpendicular from the focus is equal to the 
distance of the pole from the directrix. 

13. Find the equation of the tangent at any point of the ellipse 

If the tangent at P have intercepts f, g upon the coordinate axes, prove 
that 

t. ^- 

14. Investigate the condition that y - mx, y = m'x may be conjugate 
diameters of the hyperbola 6V - a^y^ = c?!^. 

Find the equation of that diameter of the hyperbola Tx^ + xy-y'^ = 90', 
which is conjugate to the diameter coinciding with the axis of x, and prove 
that the difference of the squares of these two conjugate diameters is equal 
to i6a2. 
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VI. MECHANICS. 

\_Full marks may be obtained for about two-thirds of this paper. Great 
importance is attached to accuracy. N.B. — g may be taken = 32.] 

1. Two equal weightless rods, AB and AC, are hinged together at A 
at an angle of 74°, and placed in a vertical plane, with B and C on u. 
smooth horizontal plane. If B and C be connected by a string, and a 
weight of 30 lbs. be suspended at D, where AD : DC =5:4, find graphi- 
cally the tension of the string. 

2. Four equal weightless rods are hinged together to form the rhombus 
ABCD, and the hinges A and C are connected by a string. If the 
rhombus be suspended from A, and equal weights of i cwt. each be 
suspended from B and D, find graphically the tension of the string. 

3. Four equal weightless rods are hinged together to foi-m the rhombus 
ABCD, and the hinges at B and D are joined by the weightless rod BD. 
The angle BAD = 64°. If the rhombus be suspended from A, and a 
weight of I cwt. be suspended from C, find the thrust in BD. 

4. Prove that the centre of gravity of a triangle coincides with that of 
three equal particles at the angles. 

The uniform plane quadrilateral ABCD right-angled at A and obtuse- 
angled at B is bisected by the diagonal AC. If it be placed with its plane 
vertical and the side AB on a horizontal plane, prove that the condition of 
equilibrium is 2BM < t,AB, where ^is the foot of the vertical from C on 
AB produced. 

5. Explain the construction and action of the screw, and find the 
relation of the power to the weight when there is no friction. 

6. A uniform beam, weight W, laid on a horizontal plane, can be just 
moved by pushing it with a horizontal force J W^/S- Prove that the least 

force which can move it is equal to — , and find the direction of this force. 

If the beam be pulled slowly by a rope attached at one end A, prove 
that A will not rise from the ground unless the inclination of the rope to 
the horizontal be 60° at least. 
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7. A body is projected from a given point 0, with the velocity v, at 
the angle a to the horizon ; find its distance from after the time t. 

If any number of such particles be projected from with the same 
velocity in different directions, prove that at any subsequent instant they 
will all lie on the surface of a sphere. 

8. Find the horizontal and vertical accelerations of a body sliding down 
a smooth inclined plane. 

If two bodies start at the same instant sliding down two lines in the 
same vertical plane sloping towards the same direction, at angles o and /S 
to the horizon, prove that each as seen from the other will always appear 
to be moving paraliel to a line inclined to the horizon at the angle a+/3, 

9. Find the velocities of two elastic spheres of given masses and 
elasticities after direct impact. 

If two perfectly elastic smooth spheres, A and B, impinge upon each 
other directly or obliquely, prove that .5's velocity relative to A, after 
impact, will make the same angle with the line of centres as the relative 
velocity of A to B did before impact. 

10. Find the acceleration of a particle describing a circle, radius a, 
with velocity v, 

A circus horse gallops round a circle, of 30 feet radius, at a speed of 
15 miles an hour, prove that the least value of the coe6ficient of friction 
between feet and ground, that the horse may not slip, neglecting the 
distance between the feet and centre of gravity, is i very nearly. 

11. A train weighs M tons, and the resistance of friction is/ lbs. per 
ton. If the engine can exert a pull of P lbs., and the break a resistance of 
/? lbs., find the distances passed over in attaining a speed of v miles per 
hour from rest, and in slowing down from that speed to rest respectively 
moving on the level. 
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MATHEMATICAL EXAMINATION PAPERS 

FOR ADMISSION INTO 

Pogal JKtIrtarj) Jlcabcmg, mboliDuh, 

June, 1893. 



OBLIGATORY EXAMINATION, 



I. EUCLID (Books I.— IV. and VI.), 

■/ 

[Ordinary abbreviations may be employed; but the method of proof must 
be geometrical. Proofs other than Euclid's must not violate Euclid's 
sequence of propositions. Great importance will be attached to accuracy. "l 

1. Define right angle, trapezium, quadrilateral. 

If two triangles have two sides of the one equal to two sides of the 
other, each to each, but the angle contained by the two sides of one of 
them greater than the angle contained by the two sides equal to them of 
the other, the base of that which has the greater angle shall be greater than 
the base of the other. 

A BCD, EFGH&ie quadrilaterals in which the sides AB, BC, EF, EG 
are all equal to one another ; and the angles at C, D, G, H are right 
angles. Show that if the angle at ^is greater than that at B, then ia .£^ 
greater than AD. 

2. What is the magnitude of the angle of a regular figure of n sides ? 
Three regular figures, of n^, n^, and n^ sides, have one vertex in 

common ; and just fill the whole space at that vertex ; show that 

I I I I 

— + —+ — = -. 
»2 n^ n^^ 2 

W. P. I R 



WOOLWICH ENTRANCE EXAMINATION. 



3. Describe a square on a given straight line. Wliat does the 
demonstration indicate concerning a parallelogram which has a right angle? 

4. If a straight line be divided into any two parts, the square on the 
whole line is equal to the squares on the twa parts, together with twice the 
rectangle contained by the two parts. 

What is the equivalent of this in algebraical symbols ? 

5. If in the triangle ABC, which has the obtuse angle ACR, AD be 
drawn perpendicular to EC produced, the square on AS is greater than 
the squares on ^C and CB by twice the rectangle BC, CD. Prove this, 
and give the value for the square on ^ C in terms of the sum of the squares 
on AB and BC and a rectangle under segments of the base. 

In a quadrilateral A BCD, AC is equal to CD, AD is equal to BC, and 
the angle ACB is supplementary to the angle ADC; show that the square 
on AB is equal, to the sum of the squares on BC, CD, DA. 

6. If two circles touch one another externally, the straight line which 
joins their centres shall pass through the point of contact. 

7. The opposite angles of any quadrilateral figure inscribed in a circle 
are together equal to two right angles, 

ABC is an isosceles triangle in which AB is equal to AC ; and AD is 
drawn to meet the base BC in D ; show that the centre of the circle 
described round ABD is at the same distance from AB that the centre of 
the circle round ADC is from AC. 

8. Define tangent, similar segments of circles. 

If a straight line touch a circle, and from the point of contact a straight 
line be drawn cutting the circle, the angles which this line ma,kes with the 
line touching the circle shall be equal to the angles which are in the alternate 
segments of the circle, 

9. When are rectilineal figures said to be inscribed in and described 
about a circle ? 

About a given circle describe a triangle equiangular to a given triangle. 

10. Inscribe an equilateral and equiangular hexagon in a given circle. 

Show that the regular hexagon inscribed in a circle is three-fourths of 
the regular hexagon .described about the same circle. 

2 



OBLIGATORY. EUCLID. [June, 1893 

11. If the sides of two triangles, about each of their angles, be pro- 
portionals, the triangles shall be equiangular to one another and shall have 
those angles equal which are opposite to the homologous sides. 

12. Similar triangles are to one another in the duplicate ratio of their 
homologous sides. 

ABC is a triangle with an obtuse angle at A ; and AM, AN are drawn 
to meet the base BC in M and N respectively, so that the angles AMB, 
ANC are each equal to BA C ; show that BM has to NC the duplicate 
ratio of that which AB has to A C. 



WOOLWICH ENTRANCE EXAMINATION. 



II. ALGEBRA. 

(Up to and including the Binomial Theorem, the theory and use of 
_ Logarithms.) 

[N.B. — Great importance will be attached to accuracy.^ ■ ■'-'■ 

1. Resolve into real elementary factors 

6x^ - 23XJ/ + 2oy , X* - 7xy +y*, ar8 - I . 

2. Divide {x+yf-x^-jfi by x^+xy+y^. 

3. Find the Highest Common Factor of the expressions 

3i^-$x^+iox^~ilx+l^ and ^x^-Jx^+i^x^-x- 10. 

4. Simplify 

(i) 9 7 2 

' ;r'-;i;-20 x^+x~l2 x^-Sx+i^' 

I I 2a 

... . x — a x + a x'+cP [ I 1 N 

'"■' I I W + ax+a^^ x^-ax+a")' 

x^-a^ x?+a^ 

(iii \ n/3 n/3 , n/3 . iJi 

'Ji + 'JS + 'Jl x/5 + \/7-n/3 v/7 + n/3-n/S v/3+x/S-n/7" 

5. Obtain the square root of each of the expressions : 

(i.) 9ar*-42ji;' + 37j;2 + 28«+4, 
(ii.) 9- sin. 

6. Prove that the form of the expression 

(a^-4^+&i:-4)° 
(3fi-2X+2f 

is unaltered by the substitution of for x. 

2-x 

7. Solve the equations 

(\ \ 3^ + 5 5^-2 _ 'jx-z _ 5.^+ 1 
^^•' 13 ~ II " s 6 ■ 

(ii.) >/x + 2 + >Jx-3 = s/3x + 4, 
(iii.) x^ + xy+y^=ig, jr*+.ry+y = 133. 

4 
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8. If o and j3 be the roots of the quadratic equation 

prove that • • 

b c 

o + S = — , and aj3 = - ; 

and also construct the quadratic whose roots are 
i-o , I-/3 

9. The sum of five numbers in arithmetical progression is IQ, and the 
sum of their squares is 60 ; find the numbers. 

10. Prove that if 

then either 

a: b :: c : d or m : n : : f : q, 

11. Write down the first negative term in the expansion of (i+j;)'° 
with the aid of the Binomial Theorem, taking j; to be a positive quantity. 

12. Explain how to deduce the value of the logarithm of a number to 
any given base, firom the logarithm of that number to base lo. 

Find, with the aid of the logarithmic tables supplied, an approximate 
value for the incommensurable root of the equation 
32«-Sx3*+.6 = p. 



WOOLWICH ENTRANCE EXAMINATION. 

III. PLANE TRIGOlirbMETRV AND MENSURATION. 

(Including the Solution ofTriangles.) 

[N.B. — Great importance will be attached to accuracy."] 

1. Define tlie circular measure of an angle, and, assuming that ir = ^-, 
find, to three places of decimals, the number of degrees in the unit of 
circular measure. 

Also find, to three places of decimals, the number of degrees in the 
angle whose circular measure is '6^, 

2. Write down the expressions for sin (A + B) and cos (^ + B) in terms 
of the sines and cosines of A and B, and prove the formula 

' i , y, , T,\ tan /4 + tan B 

tan(/f +B)= — : -j- = . 

' I - tan ^ tan 5 

Hence prove that 

tan 15° = 2-^3 and tan 75° = 2+^3. 

3. If sin A = xV) find the values of sin 2A, cos 2A, and tan 2A. ' 

4. Prove the formulas 

(i.) cosec2^ = cot /4 -cot 2^. 



(ii.) sin^(| + |)-sin='(^-^)=^^sine. 

(iii.) 3in3j + sin4^ + sin5^ ^^^^ 
cos 3W + cos 4^ + cos 5^ 

5. Find an expression for all the angles which have the same tangent 
as a given angle. 

1 + tan 9 I - tan e 



If 



i-tane ■'i+tanr 



prove that 8 = mr-\ or mr + — > 

^ 12 12 

where n is any integer. 

6. liA, B, C axe the angles of a triangle, prove the formulae 

A B C 
(1.) sin^ + sin^ + sin C= 4 cos - cos — cos-. 

222 

(ii. ) cot — + cot - + cot - = cot - cot - cot - . 

2 2 2 2 2 2 
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7. A tower stands on a horizontal plane, and it is observed that at a 
position on the plane, distant 237 feet from the foot of the tower, the angle 
of elevation of the top of the tower is 37° 15' 15" ; find, to two places of 
decimals, the height of the tower. 

8. Prove that, for a triangle ABC, 

Having given that 

a = 145, b = 235, c = 200, 
calculate the angle A. 

9. Find expressions for the radii of the inscribed and escribed circles 
of a triangle ABC. 

If r, rj, ^2, r^, represent these radii, prove that 
^ = tan^^. 

riTs 2 

10. A spectator on one side of a straight road is looking in the 
direction perpendicular to- the direction of the road, and observes that a 
telegraph post is exactly opposite and that a is the angular elevation of the 
top of this post. He then turns round and observes that /3 is the angular 
elevation of the next post. Assuming that the height of each post is the 
same, and that c is the distance between the posts, prove that the height of 
each is equal to 

c tan o tan j3 -r Vtan^a - tan^/3. 

11. Two cylindrical vessels are filled with water; the radius of one 
vessel is six inches and its height one foot, and the radius of the other is 
eight inches and its height one foot and a half; find the radius of a 
cylindrical vessel eleven inches in height which will just contain the water 
in the two vessels. 

12. Having given that the length of each edge of a regular tetrahedron 
is four inches, determine, to three places of decimals, the number of square 
inches in the total surface of the tetrahedron. 

Also find the number of cubic inches in the volume of the tetrahedron. 



WOOLWICH ENTRANCE EXAMINATION. 



IV. STATICS AND DYNAMICS. 

1. Enunciate and prove the proposition known as the " Polygon of 
Forces. " 

OA, OB, OC are three straight lines inclined at angles of 120° to one 
another ; a force of 3/^ acts from A to 0, a force of 4/" from to B and a 
force of 5/" from to C. Show by a carefully drawn figure how you 
would graphically determine the magnitude and direction of the resultant of 
the three forces. 

2. £, C are two smooth rings fixed in space at a distance apart = 25 
inches, S being 9 inches, and C 16 inches above the ground. A string 
ABCD passes through the rings and supports equal weights W, fFatits 
extremities A, D. Find the resultant pressures of the string upon the 
rings. 

3. Two parallel forces 5/", 7/" act at points A, B respectively. State 
clearly the position of the line of action and the magnitude of their resultant 
(i.) when the forces are like, and (ii.) when unlike. 

A horizontal bar AB,1 feet long, is supported at its extremities, and a 
man of 150 lbs. weight hangs from it by his hands, one being I foot from 
A, the other 3 feet from B. Find the pressures on the supports due to the 
weight of the man. 

4. Three forces (not parallel) acting in one plane upon a rigid body are 
in equilibrium. Show that if any triangle be formed by drawing straight 
lines perpendicular to the directions of the forces, its sides will be pro- 
portional to the forces. 

A triangle ABC (whose weight may be neglected) rests in a vertical 
plane with the middle points- of the sides AB, AC m. contact with two 
smooth pegs, the line joining them being horizontal and parallel to the base 
BC. Determine graphically, or otherwise, the point in BC where a weight 
Wmay be placed without disturbing the equilibrium ; and ii W= 10 lbs., 
and AB, AC and BC be 4, S and 6 feet respectively, find the pressures on 
the pegs. 

8 
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S.. Show that if a body be placed on a, horizontal plane it will stand or 
fall according as the vertical line through its centre of gravity falls within 
or without the base. Explain what is meant by the " base." 

Why does a bicycle rider when on the point of falling over to one side 
steer his machine to that side ? 

6. Distinguish between the three kinds of levers and give examples 
of each. 

Two levers OA, OB of lengths 3 and 4 feet respectively can turn in a 
vertical plane about a common fulcrum O, and their middle points are 
connected by a string whose length is 2J feet. Find the least force which 
applied at A will keep OB horizontal with a weight of 12 lbs. suspended 
from B. Find also the tension of the string. 

7. " Suppose mud composed of coarser particles to fall at the rate of 
two feet per hour, and these to be discharged into that part of the Gulf- 
stream which preserves a mean velocity of three miles an hour for a distance 
of two thousand miles ; in twenty-eight days these particles will be carried 
X miles, and will have fallen only to a depth of y fathoms.'' (Lyell's 
Principles of Geology. ) 

Find the numbers given for x and y in this passage. 

8. Assuming that the space described from rest in time / by a particle 
moving with uniform acceleration a is equal to \a(', deduce the correspond- 
ing expression for the case when the particle has an initial velocity «. 

If the space described in the fifth and sixth seconds from rest be 25 feet, 
find the acceleration. 

9. Distinguish between (i.) acceleration and accelerating force, and 
(ii. ) the mass and weight of a body ; and investigate an expression for the 
acceleration of a particle sliding down a smooth inclined plane under the 
action of gravity. 

Two particles start simultaneously from rest, the one down an inclined 
plane AC ol length 25 feet, the other down a plane BC of length 70 feet, 
the heights of A, B above the horizontal plane through C being ^ and 56 
feet respectively. Find which particle will arrive at C first, and when at 
C how far it will be from the other particle. 

10. Two bodies whose masses are P, Q are connected by a string 
which passes round a smooth pulley ; find the acceleration. 



WOOLWICH ENTRANCE EXAMINATION. 

Show that, \i%Whe added to one of the weights in question (2), and 
^Whe taken from the other, the pressures on the rings will be unaltered. 

II. A particle is projected at an angle of 45° to the horizon with the 
velocity it would acquire in falling freely for one second ; show in a figure 
the position of the particle at the end of the first, second, and third seconds 
of the motion ; and taking any unit of length to represent the initial velocity, 
mark against each straight line of your diagram the measure of its length. 



10 
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FURTHER EXAMINATION. 



V. PURE MATHEMATICS, 

\_FuU marks may be obtained for about three-fifths of this paper,'. No 
Candidate must attempt more than ten questions. Great importance 
will be attached to accuracy. '\ 

1. A moveable circle with constant radius cuts the two fixed straight 
lines APR, AQS in P, Q, R, and S, prove that for all positions of the 
circle the sum of the arcs RPQ and PQS is constant. 

2. Factorise the expression 

l+y(l+xf(,l+xy). 

3. Solve the equation 

x^+px+^ = o. 

If the roots of x^ + Px+g = o be o and j3, and the roots oi x^+px+Q = 
be 7 and 3, find the roots of x^ +px + y = o in terms of a, /3, 7, and 5. 

4. ' Find the number of combinations of « things r together. 

There are 2n letters, of which 2 are u, 2 are b, and so on : find how 
many different algebraical products can be formed, in each of which the 
sum of the indices of the letters is 3. 

5. Prove that the sum of the squares of the coefficients of (I +j;)" is 

\2n 
\n \n 
and find the sum of the products taken two and two together. 

6. Expand \oge{i+x) in ascending powers of .r. 
Prove that the coefficient of x" in the expansion of 

I0ge{l+X + X^...+X'^-^) 

is either 

m-l I 

or - 

n n 

according as n is, or is not, a multiple of m, 

II 
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7. Find the third side of a triangle in terms of the two other sides and 
the included angle. 

Apply the result, or any other method, to prove that if o and ^ be each 

less than it, and x be positive, 

j3 

\/l -2;ccoso + x^ + Vl -2;ircos(^-o)+jc2>2sin-. 

8. Find the radii of the three escribed circles of a triangle. 

- If -these circles be discs, fixed in position, and be enveloped by a string 
drawn tight round them, prove .that the sum of the straight portions of the 
string will be equal to twice the perimeter. of the triangle. 

9. Find the value of • . , . - 

sin a-irx sin 20 + x^ sin 3a arf irffin. , x beirtg < i . 

Prove that 
sin a + j; sin 2a,-\-3c^ sin 30 + etc. = sin a +_j' sin 2a H-j/^ sin 3a + etc. 
iix andj/ are proper fractions satisfying the condition x+y = 2 cos a. 

10. From the given point 0, any line OP is drawn meeting a given 
straight line AB in P, and through P, a line PQ is drawn at a given angle 
o to OP. Prove that for all directions of OP the line PQ will be a tangMt 
to a certain parabola and find the focus and directrix of this parabola. 

11. In the hyperbola prove that SP-ffPis equal to the transverse 
axis. . 

If circles be described with centres S and If, the difference, df whose 
radii is equal to the transverse axis, and from P any point on the branch of 
the hyperbola nearer to the larger circle, PS and PI/ be drawn and pro- 
duced to meet the circles in Q and P respectively, prove that the locus of 
the intersection of the tangents to the circles at Q and P will be a straight 
line. ' . , . .i 

Enunciate and prove the corresponding proposition when P is On the 
other branch. - . . - 

12.- Prove that Ax+Py = C is the equation of a straight line 

Interpret the constants when - • 

(i.) A = i. (ii.) B=l. iiii.) C=l. (iv.) A^ + B^ = t. : 
12 
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13. Find the intercepts on the axes made by the normal at any point 

x' , y on the ellipse 

x'' y^ 
— ^ -- = I 

Hence prove that if M and ^be the feet of the perpendiculars upon the 
axes from any point P of an ellipse, the line MN-^SXfi be always normal to 
a concentric and similar ellipse. 

14. Find the equations of the two straight lines conjugate to the 
coordinate axes of x and y respectively in the curve 

Aii?->!:2Bxy-VCf=\. 

Find the condition that these straight lines should coincide, and interpret 
the result. 
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VI. MECHANICS. 

\_Full marks may be obtained for about two-thirds of this paper. Great 
importance is attachecHo accuracy. N. B. -^g may be taken = 32. ] 

1. Forces I, 2, 4, 4 lbs. respectively, act along the sides AB, BC, 
CD, DA of a square. Find by graphical construction the magnitude and 
direction, and point of application in the line BC, of the force which would 
balance the system. 

2. ABCD is a rhombus formed by four weightless rods loosely jointed 
together, and the figure is stiffened by a weightless rod, of half the length 
of each, jointed to the middle points oi AB, AD. If this frame is suspended 
from A, and a weight of 100 lbs. attached to it at C, find by graphical 
construction the thrust of the cross rod. 

3. A, B are two fixed pegs, B being at a higher level than A, and a 
heavy rod rests on B and passes under A ; show graphically that, the angle 
of friction between the rod and the pegs being the same in both, the rod 
will rest in any position in which its centre of gravity is beyond B, provided 
the inclination of AB to the horizon is less than the angle of friction ; and 
for any greater inclination determine graphically the limiting distance of 
the centre of gravity beyond B consistent with equilibrium. 

Verify your result from the equations of equilibrium, 

4. Find the distance of the centre of gravity of n number of heavy 
particles in the same straight line from a fixed point in the line. 

Hqw many like coins, having diameters 20 times the thickness, can be 
piled on a table so that their centres may be in a straight line inclined at 
an angle of 45° to the horizon ? 

5. Roberval's balance consists of a parallelogram AA'B'B, loosely 
jointed at the angles, whose opposite sides A A', BB', are moveable about 
smooth pivots through their middle points fixed in a vertical line, and with 

14 
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arms CD, CD' rigidly attached at right angles to AB, A'B' respectively. 
Prove (by the principle of work or otherwise) that a weight suspended from 
any point in CD will balance an equal weight suspended from any point in 
C'D^, in any position of the system. Determine the horizontal stresses at 
the angular points of the parallelogram. Can you determine the vertical 
stresses at the same points ? 

5. The trail of smoke from a steamer on a course due north is observed 
to extend in the direction E.S.E., while that from another, on a course 
due south, with the same uniform speed, is observed to be N.N.E. ; 
determine the speed and direction of the wind, 

7. A steamer starts from a pier, steering eastward with uniform 
acceleration, the wind blowing steadily from the south. Show that the 
line of trail of its smoke is an arc of a parabola, with a fixed directrix and 
constant latus rectum. 

8. Prove that the velocity at any point in the path of a projectile («'« 
vacuo) is that due to its distance from the directrix. 

If AC, BC bisect the angles between AB and the verticals through 
A, B respectively, and if ^is the foot of the perpendicular from C on AB, 
the least velocity of projection which vrill carry a projectile from .^ to ^ is 
that due to a height equal to AF, 

9. Show that, if a point moves in a curve with constant speed, its 
acceleration at any point is in the normal at that point, and determine the 
acceleration when the curve is a circle. 

A mass of l lb. is suspended by a string 2 feet long in a railway carriage. 
Show that when the train is moving round a curve, whose radius is 22 
chains, at the rate of 30 miles an hour, the tension of the string is increased 
by about y^ oz., and the horizontal displacement of the weight is i in. 
nearly. 

10. Define 3. foot-pound and a horse-power. 

A locomotive engine, which can work up to 100 horse-power, is attached 
to a train, whose mass (including the locomotive itself) is 100 tons ; assum- 
ing the total resistance to be constant and equivalent to 10 lbs. weight per 
ton, find the greatest speed of the train in miles per hour. When travelling 
at this speed the steam is shut off ; find the distance and the time in which 
the train would be reduced to rest by the resistance alone. 

15 
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II. Prove that the kinetic energy of a system of two masses m-^, m^, 
moving with the speeds «i, «2 in the same straight line, is equal to 

where u is the speed of their centre of mass ; and hence, that the kinetic 
energy lost by their collision is equal to 

(i-^K^ 

where e is the coefficient of resilience. 

Account generally for the' energy said to be "lost." 
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MATHEMATICAL EXAMINATION PAPERS 



FOR ADMISSION INTO 



Popai JEUitara Jltabcmp, laooltoich, 
November, 1893. 



OBLIGATORY EXAMINATION. 



I. EUCLID (Books I.— IV. and VI.). 

[Ordinary abbreviations may be employed ; but tfw method of proof must 
be geometrical. Proofs other than Muclid's m.iist not violate Euclid's 
sequence of propositions. Great importance will be attached to accuracy. '\ 

1. Any two sides of a triangle are together greater than the third side. 

ABC is any rectilineal angle less than the angle of an equilateral 
triangle, and D and E are two points within it ; find the points F and G in 
AB and BC respectively, such that the sum of the lines DP, PG, GE has 
the least possible value. 

2. Equal triangles on the same base and on the same side of it are 
between the same parallels. 

Use this proposition to show that the straight line joining the middle 
points of two sides of a triangle is parallel to the third side. 

W. P. I S 
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3. Describe a parallelogram equal to a given rectilineal figure, and 
having an angle equal to a given rectilineal angle. 

4. If a straight line be divided into two equal, and also into two unequal 
parts, the squares on the two unequal parts are together double of the 
square on half the line and of the square on the line between the points of 
section. 

Express the proposition as an algebraical formula. 

5. Draw a straight line from a given point, either without or in the 
circumference, which shall touch a given circle. 

From a given point P without the circle ABC, draw a straight line PAB 
cutting the circle in A and B so that AB may be equal to a given straight 
line D. 

6. Distinguish between the angle of a segment and the angle ?« a 
segment and define similar segments of circles. 

A BCD ... is a straight line, on parts of which AB, AC, AD, ... similar 
segments of circles AFB, AGC, AHD, ... axe described; show that (i) all 
these circles have a common tangent at A, (2) any straight line AFGH ... 
drawn from A and cutting the circles in F, G, H, ... cuts off similar 
segments. 

7. On a given straight line describe a segment of a circle containing 
an angle equal to a given rectilineal angle. 

Given the altitude, the vertical angle, and the perimeter of a triangle, 
construct it. 

8. Describe a circle about a given triangle. 

Point out and prove any facts concerning the opposite angles or sides of 
a quadrilateral (i) inscribed in, (2) described about, a circle. 

9. When is the first of four magnitudes said to have the same ratio to 
the second that the third has to the fourth ? 

Illustrate this definition by giving Euclid's proof of the proposition that 
triangles of the same altitude are to one another as their bases. 

io. Parallelograms which are equiangular to one another have to one 
another the ratio which is compounded of the ratios of their sides. 
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II. In any right-angled triangle, any rectilineal figure described on 
the side subtending the right angle is equal to the similar and similarly 
described figures on the sides containing the right angle. 

If BFC, CD A, AEB be equilateral triangles described externally on 
the sides of a triangle ABC right-angled at A ; and if AG he drawn per- 
pendicular to BC to meet BC in G ; show that the triangles BFG, CFG 
are respectively equal to the triangles AEB, CD A, 



WOOLWICH ENTRANCE EXAMINATION. 



II. ALGEBRA. 

(Up to and including the Binomial Theorem, the theory and use of 
Logarithms. ) 

[N.B. — Great importance will be attached to accuracy,'] 

1. Divide (x+yY+(x^-ff+(x-yf by ^x^+f. 

2. Resolve each of the following into three real factors : 

^^ - z^jfi + 28x, y + I ly - 1 So, a^ + 2^b^. 

3. Find the Highest Common Factor of 

ix^-i()x^ + 20x + 'j and y23^-Ti3^ + n<j. 

4. Simplify 

(i.) _^ 4 3 . 

x^-Hx+'i a;2^2^-l5 x^+nx-Si' 

... , (a^ b^ (a^ ^n 1 /^ iy 

(iii.) [^ ^^3 U/ 5 \ I 

l\/S + \/2 V5oo-x/2ooJ \ViS + \/6 V/60-V24J 

5. Find the square root of 

(i.) iix*+i2x^-iix^-3ox + 2S; 
(ii.) 41-V720. 

6. Solve the equations : 

(i.) ax-by = a^. bx — ay = b^; 

(ii.) —7^ =-i§-. 

2jr-i2 I 

I I — 

3^-S •» 

Divide I into two fractions such that the sum of their cubes is J. 

4 
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7. When are the roots of ax^ + ij; + f = o real ? 
— 4jr- 
x-1 



If X is real, show that 3f! cannot have a real value between 8 



and 12. 

8. Show that a ratio of greater inequality is diminished by adding any, 
the same, quantity to both terms of the ratio. 

9. If b is half the Harmonic Mean between a and c, then 

(fi-fi + fi + 1abc=i{a-b-Vcf. 

10. Prove by Mathematical Induction that, when » is a positive integer, 
(3K + 1 j?" - I is always divisible by 9. 

11. When X ■=\, find the two greatest terms in the expansion of 

(i-;«r)-i3. 

12. Prove that 

logyX X logjj/ X log^ = I. 

Show, with the aid of the logarithmic tables supplied, that approxi- 
mately 

200T!J + logii) "200149 = I. 



WOOLWICH ENTRANCE EXAMINATION. 



III. PLANE TRIGONOMETRY AND MENSURATION. 

(Including the Solution of Triangles.) 

[N.B. — Great importance will be attached to accuracy. ^ 

1. If the radius of a circle be 25 feet, find, to three places of decimals, 
_ the length of the arc subtending an angle of 3° at the centre. 

IT = 3'l4i6. 

2. Find tan 6 in terms of cos d, and tan (0 + 9) in terms of tan and 
tan e. 

If cose = I and (p-e = ~, find tan0 and tan(0 + 9). 
4 

3. Prove that 

sin A + smB = 2 sm cos ^ '-, 

2 2 ' 

and express in a single term 

(i.) sin .^ sin 2/4 + 2 cos W cos 2.4. 

(ii-) — :i -,+ — ^ .. 



x/2cot--cosec- v/2cot-+cosec- 
2 2^2 2 

4. If A and B are two angles, each positive, and less than 90° and 
such that 

2, sir? A +2sin^^ = i, 

3 sin 2A-2 sin 2B = o. 

6 
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prove that 

A + zB = 90°. 

5. Prove the following identities : 

(i.) 2cosec4/4 + 2cot4/i = cot^ -tan/4. 

(ii. ) (I + sec e + tan 9){i +cosec 9 + cot 8) 

= 2(i+tan9 + cot0 + secfl + cosecfl). 

6. Find the cosines of the angles of a triangle in terms of the sides. 

If the sides of a triangle are in arithmetical progression, prove that the 
middle angle must be less than 60°. 

7. If one side of a triangle be equal to m times the difference of the 
other two, prove that the cosine of half the angle subtended by that side 
will be m times the sine of half the difference of the remaining angles. 

8. If in a triangle a = 3, &= i, C = ^3° f 48", find c. 

9. What is meant by the ambiguous case in the solution of plane 
triangles and when does it occur ? 

Prove that the sum of the areas of the two triangles satisfying the given 
conditions is known, and find it in terms of given quantities. 

10. A building on a square base ABCD has the sides of the base AB 
and CD, parallel to the banks of a river. An observer standing on the 
bank of the river furthest from the building in the same straight line as DA 
finds that the side AB subtends at his eye an angle of 45°, and after walk- 
ing a yards along the bank he finds that DA subtends the angle whose 
sine is J. 

Prove that the length of each side of the base in yards is \>j2a. 

11. A cylindrical boiler, terminated by plane ends, is internally 15 feet 
long and 4 feet in diameter and is traversed lengthwise by 50 cylindrical fire 
tubes, each 3 inches in external diameter, determine the volume of water 
the cylinder could contain, taking it to be ^. 
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12. Supposing an ice field to exist round one of the earth's poles, 
extending 5° from the pole in all directions, find the area of the ice field 
in square miles, taking the earth's radius to be 4000 miles, cos 5° to be 
•996195 and T = if-. 
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IV. STATICS AND DYNAMICS. 
[N.B. — The acceleration due to gravity is to be taken = 32.] 

1. Enunciate the proposition known as the ' ' Parallelogram of Forces," 
and assuming it for the direction, prove it for the magnitude, of the 
resultant. 

Four forces in equilibrium acting at a point are represented in magnitude 
and direction by AB, CD, AD, CB. Show that A, B, C, D must be the 
angular points of a parallelogram. 

2. Given the magnitudes of the forces acting in one plane on a particle 
and the angles which their directions make with a given straight line in the 
plane, find the magnitude of their resultant and the angle which its direction 
makes with the given line. 

Forces of 3, 4 and 6 lbs. make angles of 90°, 60°, and 30° respectively 
with a force of 2 lbs. (the angles being measured in the same direction). 
Show that the resultant of the four forces is equal to (8 + 3,^3) lbs. ; and 
find (with the aid of the logarithmic tables supplied) the angle its direction 
makes with the force of 2 lbs. 

3. Define the centre of gravity of a rigid body, and show how its 
position may be experimentally determined. 

A lamina hangs freely in a vertical plane with a point A fixed, and in 
this position a horizontal line BC is drawn upon it ; it next hangs with B 
fixed and a horizontal line through A is drawn cutting BC in C; show that, 
if C be fixed, the lamina will rest with the line joining A, B horizontal. 

4. State clearly the conditions of equilibrium of a system of forces 
acting in one plane upon a rigid body. 
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A square board ABCD is placed upon a smooth horizontal table and a 
given force Pacts from E, the middle point of AB, towards F, the middle 
point of CD. Find the magnitudes of three forces X, Y, Z which, acting 
along BC, CA, AB respectively, will make equilibrium with P. 

5. Investigate the relation between the power and the weight in that 
system of pulleys in which the same string passes round all the pulleys. 

Draw a diagram of the case in which there are three pulleys at each 
block. 

6. Define velocity, and show how it is measured (i.) when uniform and 
(ii. ) when variable. 

A train is moving at the rate of 40 miles an hour, what would be the 
measure of its velocity if a yard and a second were the units of space and 
time? 

7. Investigate an expression for the space described from rest in time / 
by a point moving with acceleration a. 

What would be the expression for the space if the point started with a 
velocity u ? 

A particle is projected vertically upwards with a velocity of 50 feet per 
second, when will it be at a height of 25 feet above the point of projection ? 
Also, where will it be when it is moving with a velocity of 25 feet per 
second ? 

8. Explain the meanings of the symbols in the equation F= Ma., and 
having given that the units of space and time are one foot and one second, 
state the relation implied between the other units involved. 

Find the force which acting on a mass of 8 ounces increases its velocity 
by 4 feet a minute in every second ; and state clearly the unit in terms of 
which your answer is expressed. 

9. A string attached to a body of mass P placed on a smooth horizontal 
table passes over one of the edges and has a body of mass Q attached to its 
other extremity. Find the acceleration of the system. 

If Q be divided into two equal parts one hanging below the other by a 
separate string, find the tension of this string. 
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10. A particle is projected in a given direction with a given velocity, 
show how to find its position and the direction in which it is moving at the 
end of a given time. ■ 

A stone is thrown from the top of a tower with a velocity of g feet per 
second in a direction making an angle a with a line drawn vertically 
upwards through the point of projection ; prove that at the end of two 
seconds the line joining the stone to the point of projection will make an 
angle of ^(ir + a) with the vertical line. 
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FURTHER EXAMINATION. 



V. PURE MATHEMATICS. 

{Full marks may be obtained for about three-fifths of this paper. No 
Candidate must attempt more than ten questions. Great importance 
will be attached to accuracy. 'I 

1. Describe a circle touching three given straight lines. 

If a circle be inscribed in an isosceles right-angled triangle, show that 
its diameter is equal to the excess of the sum of the equal sides over the 
hypotenuse. 

2. Under what circumstances will the solution of two simultaneous 
equations in two unknown (Quantities depend upon the solution of a 
quadratic equation ? 

Two trains are proceeding in the same direction upon the same line of 
rails, each with uniform speed. The quicker train, which is in front, 

gains - of a mile every minute, and also — of a minute every mile upon 

the slower train. Determine the speed of each train in miles per hour, 
and show that, » being a positive quantity, the speed of the quicker train 
cannot be less than 60 miles an hour. 

3. Find the sum of n terms of a geometrical progression. Sum to n 
terms, and also to infinity, the series 

4. State the circumstances under which 

{i+xY 
is expressible in the form of a convergent infinite series. 

Show how to expand 

{i+yz + zx+xyY^ 

by the binomial theorem, and show that the coefficient of ofiy"^! is equal to 

the coefficient of the same term in the development of the product 

(y-z)\z-x)\x-y). 

12 
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5. What is the characteristic of the logarithm of a number? Prove 
the rule for assigning the characteristic of a given decimal number. 

Expand log„x in a series proceeding by ascending powers of 

X- I 

x+\ 

6. One angle of a triangle is given, and the ratio of the sines of the 
other angles. Show how to find these angles by a formula adapted to 
logarithmic computation. 

Find the angles B, C from the data 

. , „ sin^ 

A = 60 , ^—p:, = 2. 

sin C 

7. Express the area of a triangle in terms of its sides. Show that the 
formula involves Euclid's theorem that two sides of a triangle are together 
greater than the third side. 

Find an expression for the area in terms of the sums of first, second, 
and third powers of the sides. 

If the sum of the sides is 12 feet, and the sum of the squares on the 
sides is 50 square feet, and the sum of the cubes on the sides is 216 cubic 
feet, find the area of the triangle. 

8. Find expressions for the ctirved surface and volume of a right 
circular cone. 

A conical tent is five feet high. Find the radius of its base so that the 
number of square feet of canvas may be equal to the number of cubic feet 
of space inside the tent. 

9. Show how to transform from rectangular coordinates to oblique, 
and from oblique to rectangular. 

The equation of a straight line referred to axes inclined at 30° is 
y = 2j;+i. 

Find its equation referred to axes inclined at 45°, the origin and axis of 
X remaining unchanged. 

10. Define an ellipse, and prove geometrically that the sum of the 
focal radii of any point upon it is equal to the major axis. 

11. Points (i, o), (2, o), are taken on the axis of x, the axes being 
rectangular. On the line connecting the points an equilateral triangle is 
described so that the coordinates of its vertex are both positive. Find the 
equations of the circles described upon its sides as diameters. 

13 
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12. Find the equation to the tangent at any point of an ellipse, and 
the lengths of its intercepts upon the coordinate axes. 

In an ellipse of eccentricity tan p, a focal chord is inclined at an angle a 
to the major axis ; show that the tangents at the . extremities of the chord 
include an angle 

tan"'(tan 2§ sin a). 

13. If a small portion of a hyperbola be given, show how to verify its 
hyperbolic nature geometrically. 

If two sides of a triangle be given in position, and its perimeter given 
in magnitude, show that the locus of the point which divides the base in a 
given ratio is a hyperbola. 



14 
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VI. MECHANICS. 

\Full marks may be obtained for about two-thirds of this paper. Great 
importance is attached to accuracy. N. B. — g may be taken = 32]. 

1. Forces are represented in magnitude, direction and position, by the 
sides of a polygon taken in order ; prove that they are equivalent to a 
single couple, and that the magnitude of the couple is proportional to the 
area of the polygon. 

2. A uniform beam, 12 feet in length, has a fixed hinge at one end, 
and is supported by a cord, 13 feet long, attached to the other end and to 
a fixed point situated 20 feet vertically above the hinge. Find the tension 
of the cord, assuming the weight of the beam to be 140 lbs. 

3. A uniform beam AB, 20 feet long, is supported by props at C and 
D, two points at distances 4 feet from A and 6 feet from B, respectively. 
If a load of 1 ton be placed at each extremity of the beam, calculate the 
magnitude of the moment which tends to break the beam at the middle 
point of CD : assuming the weight of the beam to be 2 tons. 

4. A ladder is placed with one end on a rough horizontal plane and 
the other against a rough vertical wall ; find, by geometrical construction, 
or otherwise, the limiting position of equilibrium, being given the coefficients 
of friction and the centre of gravity of the ladder. 

If an additional load be placed at any point on the ladder, in this 
limiting position, find whether the equilibrium will be disturbed or not. 

J. Three forces acting on a rigid system are in equilibrium, prove that 
their directions lie in the same plane, and either pass through a common 
point or are parallel. 

A uniform cubical block is sustained on a rough inclined plane by a 
rope, which is parallel to the plane and is attached to the middle point of 
the upper edge of the cube, which is horizontal. The rope lies in the 
vertical plane, which contains the centre of the cube and is perpendicular 
to the inclined plane. Betermine the greatest inclination of the plane 
consistent with equilibrium. 

IS 
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6. Two particles start simultaneously from different points, in given 
directions, with uniform velocities. Show, by geometrical construction, 
how to find their relative distance at the end of any time ; and determine 
when this distance is least. 

7. Prove that the path of a projectile (in vacuo) is a parabola, and that 
the velocity at any point is equal to that due, under the action of gravity, 
to the vertical distance of the point from the directrix. 

A train is moving with a velocity of 30 miles an hour when a ball is 
dropped from the roof of one of the carriages lo feet above the earth. 
Show how to find the focus and directrix of the parabolic path described 
by the ball, relatively to the earth. 

8. Enunciate accurately Newton's Laws of Motion. 

A train is moving on a horizontal railroad. Assuming the weight of 
the train (exclusive of the engine) to be 120 tons, and the resistance arising 
from friction, etc., to be 10 lbs. per ton, find the tension of the couplings of 
the carriage which is attached to the engine, (l) when the velocity of the 
train is uniform, (2) when it is moving with an acceleration of 4 feet per 
second, per second. 

9. Two imperfectly elastic spherical bodies, whose centres are moving 
in the same straight line with given velocities, impinge on each other : 
show how to find their velocities immediately after the impact. 

Two spheres meet directly with equal and opposite velocities, find the 
ratio of their masses in order that one of them should be brought to rest by 
the collision, (i) when perfectly elastic, (2) for coefficient of resilience e. 

10. A ball moving with a velocity of 500 feet per second has its 
velocity reduced by 50 feet after penetrating I inch into a plank. Find 
how far it will penetrate into the plank before being stopped, assuming the 
resistance of the plank to be uniform. 
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OBLIGATORY EXAMINATION. 



I. EUCLID (Books I.— IV. and VI.). 

Ordinary abbreviations may be employed; but the method of proof must 
be geometrical. Proofs other than Euclid's must not violate Eitclid^s 
sequence of propositions. Great im.portance will be attached to accuracy. '\ 

1. The opposite sides and angles of a parallelogram are equal to one 
another. 

2. The complements of the parallelograms which are about the 
diameter of any parallelogram, are equallio one another. 

A point E is taken in the side AB oi the parallelogram ABCD and ED 
and EC are joined ; prove that, if the line HK parallel to AB cuts ED 
and £Cin i^and (7 respectively, the parallelogram AHKB will be double 
of either of the triangles EDG or ECF. 

3. If a straight line be divided into two equal parts and also into two 
unequal parts, the rectangle contained by the unequal parts, together with 
the square on the line between the points of section, is equal to the square 
on half the line. 

W. p. I T 
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4. Divide a given straight line into two parts, so that the rectangle 
contained by the whole and one of the parts may be equal to the square on 
the other part. 

The line AB is bisected in C and produced to D, so that the square on 
CD is equal to the sum of the squares upon AB and BC, prove that the 
rectangle AD, DB is equal to the square on AB. 

Express the ratio of BD to AB algebraically. 

5. State, without proof, the difference between the square on one side 
of a triangle and the sum of the squares of the two remaining sides. 

A point P is taken on the circumference of the circle APB, whose 
centre is 0, and with P as centre, another circle, QAB, is described, 
cutting the former in A and B. If QM be drawn from Q, any point on 
QAB outside of APB, perpendicular to AB produced, prove that twice 
the rectangle of QM and OP is equal to the difference of the squares on 
OQ and OA. 

6. The angle at the centre of a circle is double of the angle at the 
circumference on the same base, that is, on the same arc. 

.7. The opposite angles of any quadrilateral figure inscribed in a circle 
are together equal to two right angles. 

8. Describe a circle about a given triangle. 

The straight line AB of given length moves so that its extremities are 
respectively upon the two fixed straight lines OC and OD meeting at 0. 
Prove that the centre of the circle circumscribing the triangle OAB lies 
upon the circumference of a circle whose centre is O. 

9. Inscribe an equilateral and equiangular pentagon in a given circle. 

10. If the vertical angle of a triangle be bisected by a straight line 
which also cuts the base, the segments of the base shall have the same 
ratio which the other sides of the triangle have to one another, and if the 
segments of the base have the same ratio which the other sides of the 
triangle have to one another, the straight line, drawn from the vertex to the 
point of section shall bisect the vertical angle. 

11. If four straight lines be proportionals, the rectangle contained by 
the extremes is equal to the rectangle contained by the means ; and if the 
rectangle contained by the extremes be equal to the rectangle contained by 
the means, the four straight lines are proportionals. 
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12. The diameter BCA of the circle APQB whose centre is C, is 
produced through A to O, and from the line OPQ is drawn, cutting the 
circle in P and Q, prove that the triangles OPA and OQB are similar, and 
prove that if the circle circumscribing the triangle PCQ meets OC'va. D 
then 

(i) The point D will be iixed for all directions of the line OPQ; 

(2) The ratios OA : AD and DC : CP will be equal. 
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II. ARITHMETIC. 

[N.B. — The working as well as the answers must be shown.] 

1. Find the value of 

2. Divide '0468 by 29-25. 

3. What is the interest on £tj$ for 3J years at 2| per cent, per 
annum ? 

4. Find the value of £1 •69375. 

5. What fraction of an acre is 28 poles ? 

6. Find by Practice the value of 13 lbs. 7 ozs. 5 dwts. 8 grs. of silver 
at y. gd, per oz. 

7. Find the least common multiple of 132, 165, 220. 

8. A cube of metal, each edge of which measures f of an inch, weighs 
■625 lb. What is the length of each edge of a cube of the same metal 
which weighs 40 lbs. 7 

9. If 9 men do 4 of a piece of work in 14 days, working 10 hours a 
day, how many extra men must be employed to finish the work in 5 days 
more if all of them are to work only 8 hours a day ? 

10. Prove that the difference of the squares of any two odd numbers is 
divisible by the double of their sum, and that, if the numbers are consecutive 
odd numbers, the difiference of their squares is a multiple of 8. (N.B. — 
You may take any two odd numbers which you like to select, show that the 

propositions are true for those numbers, and then extend your reasoning to all 
odd numbers. ) 

11. A's money is to B's money as 3 : 7 ; and if B pays A ;i^34S, the 
proportion will be 3 : 5. How much money has .each? 

12. If 9 men and 6 boys can do in 2 days what 5 men and 7 boys 
could do in 3 days, in what time could 2 men and 5 boys do the same? 



OBLIGATORY. ARITHMETIC. [June, 1894 

13. A dealer has two sorts of tea, one of which he could sell at \s. %d. 
per lb. and make 25 per cent, on his outlay, the other at 2s. 3^. and make 
12J per cent. What profit per cent, will he make if he mixes them in 
equal quantities and sells the mixture at is. 1 id. per lb. ? 

14. Goods are imported from abroad at an expense equal to 35 per 
cent, of the cost of production ; and the importer makes 1 5 per cent, on 
his whole outlay by selling them to a tradesman at £t. i^s. 3d. per ton. 
Find the cost per ton of production. 
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III. ALGEBRA. 

(Up to and including the Binomial Theorem, the theory and use. of 
Logarithms.) 

[N.B. — Great importance will be attached to accuracy. '\ 

1. Divide i^ + x'^+6^ + 2,\x^ + 2j,x- 6,0 by x^ + 4x + $. 

2. Resolve into factors the expressions : 

x'-Sji^, x^-24xj/+i28y\ and x^+xr'y^+y^. 

3. Find the Highest Common Factor of the expressions : 

x^-Sx^+ijx^-^ox + S and j;*-4a^- iijt^- 50^1;+ 16. 

4. Prove that (d-cf + {c- af + (a- bf 
is divisible by (b- c){c - a){a - b), 
and find the other factor. 

5. Find the square roots of the expressions 

(i.) «(»+i)(« + 2)(» + 3) + i. 
(ii.) 24 + \'s72. 

6. Solve the equations 

,. . x + a , x+c 
(1.) + = 2; 

X- c x-a 

(ii.) ■^^ + 3^ + 4V^^ + 3^-3 = 48. 

7. If a and ^ are the roots of the equation x^+px+q = o, prove that 
a + p = -p and a^ = q, and find, in terms oi p and q, the equation of 
which the roots are 

a + 2^ and |3 + 2a. 

8. At present the ratio of B's age to A's age is the ratio 5 : 2, but in 
30 years' time the ratio will be 35 : 23 ; find their ages. 

6 
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9. Find the least possible positive value of the expression 

q 

'^ + ? \ 

and the greatest possible value of the expression 

4^+16^ + 25' 

10. If the expression x^j-^x+dx^y^ be expanded in powers of «, 
prove that the coefficient of ^ is 3'' - a"". 

11. Write down an expression for the number of combinations of « 
things taken r together, and, if «Cr represent this expression, prove, by 
general reasoning or otherwise, that 

n^r — nf^n—rt and n+l(^r — n^r "T jiC,-— 1. 

12. Having given 

logioS = '698970o. logio 7 = "8450980, and Iogi„ii = 1-0413927, 
find the logarithms, to the base 10, of 385 and ^f , and solve approxi- 
mately, to two places of decimals, the equation 
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IV. PLANE TRIGONOMETRY AND MENSURATION. 

(Including the Solution of Triangles. ) 

[N.B. — Great importance will be attached to accuracy.'\ 

k = -=/.] 

1. Explain what is meant by the circular measure of an angle, and 
find the circular measure of an angle of x degrees. 

A wire AB, I foot in length, is bent so as to form an arc of a circle 
whose diameter is four inches ; find the angle subtended at the centre of 
the circle by the chord AB. 

2. Express the Trigonometrical ratios of an angle in terms of the 
secant, the angle being less than a right angle. 

If in a triangle ABC, 

CA = CB = 2, and ^^ = 3 ; 

find the value of 

(sin^ - cos ^)(sec A + cosec ^). 

3. Determine the values of the Trigonometrical ratios for an angle of 
60°, and for an angle of 30°. 

A ladder rests against a vertical wall at an angle of 60° with the horizon, 
and when the foot is drawn back 18 feet further from the wall the inclina- 
tion to the horizon is found to be 30°. Find the length of the ladder. 

4. Prove that cos(90° + ^) = -siny4 for the case when A is less than 
two right angles. 

Write down the values of sin 225°, cos 210°, tan 315°, and cosec420°. 

S Show geometrically that cos (^ + i?) = cos v4 cos ^ - sin ^ sin A, 
where A, B are two positive angles whose sum is less than a right angle. 

Find the value of cos 75°. 

6. Express sin 3^ and cos3/i in terms of sn\A and cos/i, and show 
that 

cos 3^ + sin 3/4 = (cos.(4-sin^)(l + 2sin2/i). ■ 

8 
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7. Prove the following identities : 

(i.) (;ctana+>'coto)(arcota+j' tana) = {x+_j/)^ + 4Jrj'cot^2a. 
(ii. ) cos p cos(2o - ;8) = cos^a - sin''(a - /3). 
(iii. ) cos a. + cos 3a + cos Ja + cos 7a = J sin 8a cosec a. 

8. In any triangle ABC find 'wa.^A in terms of the sides a, b, c. 
Find the angles of the triangle whose sides are proportional to 3, S, 7- 

9. Show how to solve a triangle when two sides and (i.) an angle 
opposite to one of the sides, and (ii.) the included angle, are given. 

From a boat at sea the angle subtended by the line joining two fixed 
objects A, B on land is observed to be a ; after sailing x yards directly 
towards A the angle subtended by AB is found to be /3, and then after 
sailing y yards directly towards B, the angle is found to be 7. Find an 
expression for the distance AB. 

10. In a triangle ABC, a = 5^, i = 43, and C = 75° 10' 40", find the 
angles A and B. 

11. Find the area enclosed by 200 hurdles placed so as to form a 
regular polygon of 200 sides, the length of each hurdle being 6 feet. 

12. A leaden sphere one inch in diameter is beaten out into a circular 
sheet of uniform thickness = -rhsth inch. Find the radius of the sheet. 
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V. STATICS AND DYNAMICS. 
[ You may assume that g = ^,2 feet per second per second. ] 

1. State accurately the principle known as that of the Triangle of 
Forces. 

A particle is acted upon by three forces of given magnitudes ; show 
how these forces must be arranged so as if possible to produce equilibrium, 
when 

(i.) the forces have magnitudes represented by the numbers, 6, II, i8. 

(ii.) their magnitudes are represented by 8, 15, 17. 

2. Let O be the position of a particle, and OA a right line drawn 
through O. Find the magnitude and direction of the resultant of forces 
proportional to 10, i8, 20, 16, 

acting on the particle, when their lines of action make with OA angles of 

0°, 30°. 90°> 135°. 
respectively, all measured in the same sense {i.e., all outwards from 0, or 
all inwards towards O), 

3. A body whose mass is 520 pounds is placed on a smooth inclined 
plane, the tangent of whose inclination to the horizon is -^ ; find the force 
necessary to sustain the body 

(i. ) when this force is horizontal ; 

(ii.) when it acts along the inclined plane. 

4. Define a couple, and show that its moment is the same about all 
points in its plane. 

Prove that the sum of the moments of any two forces in the same plane 
about any point in the plane is equal to the moment of their resultant about 
the point. 

5. Two parallel forces, P, Q, act on a rigid body ; find the magnitude 
and line of action of their resultant (i) when they act in the same direction; 
(2) when they act in opposite directions. 

Two parallel forces of 20 and 25 pounds' weight, of opposite senses, act 
on a rigid body, the perpendicular distance between their lines of action 
being 4 inches ; find the resultant. 
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6. Show how to find the position of the centre of gravity of a given 
system of particles whose masses are OTj, m^, m^, ... occupying given 
positions. 

At each vertex of a triangle is placed a particle whose mass is propor- 
tional to the length of the opposite side ; show that the centre of gravity is 
the centre of the inscribed circle. 

From a thin uniform circular plate of radius 13 inches is cut out a 
circular plate of radius 5 inches, the centre of the latter being 4 inches 
distant from that of the former ; find the position of the centre of gravity of 
the remainder. 

7. Describe the screw press, and find the condition for the equilibrium 
of the effort and resistance ("power" and "weight") applied to it when 
there is no friction. 

8. Define acceleration. State clearly what is meant by saying that g is 
about 32 feet per second per second, and describe any method by which 
this value of ^ has been obtained. 

Which is the greater acceleration, 15 miles per hour per minute, or J 
feet per second per second ? 

9. If a particle moves in a right line with constant acceleration, a, 
having had an initial velocity, u, show that the distance travelled in time t 
is given by the equation 

A bullet is fired vertically upwards with a velocity of 496 feet per 
second ; 3 seconds afterwards another is fired vertically upwards from the 
same point with a velocity of 568 feet per second ; when and where will 
they meet ? 

10. Define an absolute unit of force, and, in particular, the dyne and 
the poundal. 

What force uniformly applied to a mass of 12 pounds will give it an 
acceleration of 8 feet per second per second ? (Express the force both in 
pounds' weight and in poundals. ) 

1 1. From a given point on a horizontal plane is projected a particle 
with a velocity u at an elevation a ; find the range on the plane. 

If the particle is projected with a velocity of 500 feet per second at an 
angle of elevation whose tangent is f, find the range. Find also the 
magnitude and direction of the velocity 10 seconds after the time of 
projection. 



WOOLWICH ENTRANCE EXAMINATION. 



FURTHER EXAMINATION. 



VI. PURE MATHEMATICS. 
[Full marks may be obtained for about two-thirds of this paper."] 

1. Sum up the conditions under which Euclid says that two triangles 
are equal. 

ABC is a triangle and Z> a point in BC such that AD bisects the angle 
A. If be the centre of a circle which touches AB at A and also passes 
through D, prove that OD and AC are at right angles and find the 
magnitude of the angle A OD. 

2. Apply the theory of geometrical progression to the evaluation of a 
mixed recurring decimal. 

Show that the sum of -^ and the series 

38x18 , 38x18^ 38x18^ ,., 

5 — H 5 H J V ...ad tnt. 

37' if yi* ■' 

is unity. 

Employ logarithms to evaluate the tenth and twentieth terms of the 
series. 

3. A clock strikes at intervals of one second. Determine the intervals 
as they appear to men travelling in express trains at 60 miles an hour 
directly towards and directly away from the clock respectively. The velocity 
of sound may be taken as 1 100 feet per second. 

4. Find the greatest coefficient in the expansion of 

(x+y)\ 
Prove that the greatest coefficients in the expansion of the trinomial 

(x+y+i!f"+'^ 
have the value 

(3" + r)! 



N.B. — n\ represents the product n{n- i)(«-2) ... 3 . 2 . i. 
12 
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5. In any triangle show that, in the usual notation, 

cos^ + cos5 = '^(i-cosC), 
c 

cos 5 - cos ^ = ^^ (I + cos C). 
c 

6. Find the volume of a pyramid on a triangular base and deduce that 
the volume of a sphere is the product of the area of its surface and one-third 
of its radius. 

A sphere is cut by a horizontal plane. If /" be a point in the perimeter 
of the section and A the highest point of the sphere, show that the surface 
of the sphere above the cutting plane has an area equal to that of a circle 
of radius AP. 

7. In the triangle ABC, sides 4, 3, 5 AB produced is a tangent, BC 
the axis and A C the tangent at the vertex of a parabola. 

Draw the triangle in your book and construct geometrically for (i. ) the 
focus, (ii. ) the directrix, (iii. ) the point P on the parabola at which AB k 
tangent, (iv.) the other extremity of the focal chord through P, (v.) the 
extremities of the latus rectum. 

8. In an ellipse QQ' is the chord of contact of tangents from an external 
point/"; CjCis the perpendicular on ^g' from the centre C ; and/'Cis 
the perpendicular to QQ', through P meeting the major axis in G. Prove 
that the semi-minor axis is a mean proportional to KC and PC. 

9. Write down the usual forms of equation to a straight line. 

Through a given point P whose coordinates are (/, q) a straight line is 
drawn intersecting the axes in A and B so that P is the middle point of 
AB. Determine the equation of AB. 

10. Find the general equation of the circle when the coordinate axes 
are inclined to one another at an angle la. 

The axes being rectangular investigate the condition that must be 
satisfied by the parameters of the circle in order that it may be possible to 
find a point or points on the circle at equal perpendicular distances from 
the axes. 

11. In the parabola 

.find the equation to the circle passing through the vertex and the extremities 
of the latus rectum. 

13 
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Find also the coordinates of the points where the circle is intersected by 
those normals to the parabola which make an angle of 45° with the axis. 

12. C is the centre of an ellipse and BB' the minor axis. If .? be the 
focus which (to origin at the centre and coordinate axes coincident with the 
axes of the ellipse) has a positive abscissa ; and B'S be produced to meet 
the curve in /"; show that CP makes an angle with the major axis 
such that 

2«tan0 = (i-^^p. 

13. Find the equation to the tangent at any point of the hyperbola 

4XJ/ = fl^ + ^. 

If two tangents at right angles intersect at P find the locus of P. 



VII. MECHANICS. 



[Full marks may be obtained for about two-thirds of this paper. Great 
importance is attached to accuracy. N. B . — g may be taken = 32. ] 

I. If three forces acting on a particle are in equilibrium, each force is 
proportional to the sine of the angle between the other two. 

ABCD is a quadrilateral, having the angles at A and D right angles, 
and CB = CD. Forces P, Q, and S, acting along AB, CA, and AD 
respectively, are in equilibrium. If 



show that AB = iBC or ^BC. 



•J3 



2. Prove that the algebraical sum of the moments of a number of 
coplanar forces acting on a particle about any point in their plane is equal 
to the moment of their resultant about that point. 

Pis the orthocentre of a triangle ABC. Forces act along AP, BP, CP, 
and are proportional to sin (^ + 9), sin (B + 6), sin ( C+ 6). Prove that their 
resultant passes through the centre of the circumscribed circle. What is 
the value of B when the forces are in equilibrium ? 

3. Two- equal uniform rods, AB, BC, each of weight W, are hinged 
together by a smooth hinge at B, and rest on a smooth cylinder of radius b, 

14 
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whose axis is horizontal. The rods touch the cyUnder at points distant 
one-third of their length from B. Find the length of the rods, and prove 
that the bending moment at the point of contact of either rod with the 

cylinder is — j Wb, 
SvS 

4. A heavy circular wheel is suspended in a vertical plane from a point 
^ in a rough vertical wall, by a smooth weightless wire through its centre 
0, and rests at right angles to the wall and touching it at the point A. A 
string is fixed to the rim of the wheel and passes over it on the side away 
from A. If the inclination (a) of the wire OB to the horizon is less than 
2;8, where tan /3 is the coefficient of friction between the wheel and the 
wall, show that a force, however great, applied along the string will not 
turn the wheel unless the direction of the string makes with BO produced 
an angle less than 

. _,sin(a-i3) 
sm 1 — '. -^' . 
sinp 

(Positive angles are measured from OA to OB.) 

5. Find the position of the centre of gravity of a cylindrical bar with 
circular ends, whose density at any point is proportional to the square of 
the distance of the point from the end of the bar. 

A cone of vertical angle 2a rests with its base on a rough plane inclined 
at an angle j3 to the horizon, the coefficient of friction (/a) being greater than 
tan p. A gradually increasing force is applied at the vertex of the cone 
parallel to the plane and downwards. Show that, when the force is large 
enough to disturb equilibrium, the cone will tilt over or slide down accord- 
ing as tan ;8 is less or greater than ^ (/i - tan a). 

6. A particle initially at rest is acted on by a force constant in direction 
and magnitude. Prove that the kinetic energy of the particle at any time 
is equal to the work done on it by the force. 

A particle moves from rest down-a rough plane inclined at an angle z9 
to the horizon, tan S being the coefficient of friction. Prove that in moving 
over a length s of the plane it acquires the same velocity as in falling freely 
through a distance s tan 6. 

7. An engine draws a train whose weight (exclusive of the engine) is 
100 tons. The power of the engine is such that when running on the level 
it exerts a pull of 2 tons weight on the front carriage, and the resistance 
due to friction, etc. , is 1 1 "2 lbs. per ton. Show that if the engine draws the 
same train from rest up an incline of I in 300 it will in one minute acquire 
a velocity slightly exceeding iSA miles per hour. 
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8. AbuUet is fired with a velocity of 800 feet per second. Find (a) its 
greatest possible range on the horizontal plane through the point of projec- 
tion ; and (b) the height (approximately) to which the bullet ascends when 
the range is one-tenth of the greatest possible range. 

9. A mass of weight W rests on the smooth surface of a horizontal 
table, also of weight W, and is connected by a weightless string, passing 
over a smooth pulley at the edge of the table, with a weight 2 W hanging 
freely, which is allowed to fall, the string being initially taut. If the table 
does not move, find the tension of the string, and show that the coefficient 
of friction between the table and the floor is not less than J. 

10. Two equal imperfectly elastic balls moving in the same straight 
line impinge directly upon one another. Find the change of kinetic energy 
produced by the impact. 

A billiard ball A moving parallel to one side of the table, strikes another 
ball B (initially at rest) in the centre. After B has struck the cushion and 
then struck A again, the velocity of A is three-fourths of its initial velocity, 
but in the opposite direction. Show that, if e is the coefficient of elasticity 
between the balls and also between a ball and the cushion, 
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OBLIGATORY EXAMINATION. 



I. EUCLID (Books I.— IV. and VI.). 

[Ordinary abbreviations may be employed, but the method of proof must 
be geometrical. Proofs other than Euclid's must not violate Euclid's 
sequence of propositions. Great importance will be attached to accuracy. ] 

1. Define plane rectilineal angle, circle, gnomon, similar rectilineal 
figures. 

2. If one side of a triangle be produced, the exterior angle is greater 
than either of the interior opposite angles. 

3. The straight lines which join the extremities of two equal and 
parallel straight lines towards the same parts are also themselves equal and 
parallel. 

A BCD is a quadrilateral ; show that, if the four parallelograms BCDP, 
CDAQ, DABS, ABCS be completed, the four straight lines AP, BQ, CR, 
DS will be equal and parallel. 

4. If a straight line be divided into any two parts, the square on the 
whole line is equal to the squares on the two parts, together with twice the 
rectangle contained by the two parts. 

W. P. I U 
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Show also that if a straight line be' divided into any three parts, the 
square on the whole line is equal to the squares on the three parts, together 
with twice the three rectangles whose sides are the three parts taken two 
and two together. 

5. Describe a square equal to a given rectilineal figure. 

6. If a straight line drawn through the centre of a circle bisect a 
straight line in it which does not pass through the centre, it cuts it at right 
angles ; and if it cut it at right angles, it bisects it. 

7. Straight lines in a circle which are equally distant from the centre 
are equal to one another.- 

8. If a straight line touch a circle, and from the point of contact a 
straight line be drawn cutting the circle, the angles which this line makes 
with the line touching the circle are equal to the angles which are in the 
alternate segments of the circle. 

Four circular coins, of different sizes, are placed upon a fable so that 
each one touches two, and only two, of the remaining three ; show that the 
four points of contact lie on a circle. 

9. Inscribe a circle in a given triangle. 

Prove that the centre of this circle lies inside each of the three circles 
described on the three sides of the triangle as diameters. 

10. Describe a circle about a given equilateral and equiangular 
pentagon. 

11. Triangles which have one angle of the one equal to one angle of 
the other and the sides about the equal angles reciprocally proportional, 
are equal to one another. 

Two straight lines AOC, BOD intersect in and the lines AB, CD 
are drawn. From the greater of the two triangles AOB, COD cut off a 
part equal to the less by a straight line drawn through the point 0. 

12. Parallelograms about the diameter of any parallelogram are similar 
to the whole parallelogram and to one another. 
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II. ARITHMETIC. 
[N.B, — The working as well as the answers must be shown.] 

1. Simplify ?l^|ii|f3^,^. 

2. Find the value of (2'37 x '093) -r "0005. 

3. A sum of ;^237. i8j. 4^., lent at simple interest, amounts in three 
years to £2']0. os. S^d. What is the rate per cent. ? 

4. Find the value in cwts. qrs. and lbs. of "0234375 of 9J tons. 

5. What fraction is 28-| cubic inches of a cubic foot? 

6. Find the value of 13 acres 2 roods 17J perches at £14, 14J. 8d. 
per acre. 

7. Find the greatest common measure of 10058, 4982, and 9823. 

8. Justify, from first principles, each step of the process of addition of 
vulgar fractions and deduce the rule for the addition of decimals. 

9. What was the cost of goods on which a man lost 20 per cent, by 
selling them for £6ii ? 

10. A clock set right at noon on Tuesday loses at the rate of 192 
seconds in 10 hours. What is the true time on the following Friday 
afternoon when the reading of this clock is 2 hours 36 minutes ? 

11. Determine, without performing the divisions, the remainders that 
result from dividing 48909661 by 8, 16, 25, 9, and 11 ; and give a brief 
explanation of the reason from which you draw your conclusion in the first 
three cases. 

12. If it costs the same amount to keep 4 horses or 9 oxen, and 5 horses 
can do as much work as 8 oxen, which will it be more profitable to employ 
— 20 horses and 32 oxen, or 12 horses and 48 oxen? 
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13. The incomes of two men would be equal if one were increased 
7 per cent, and the other diminished 7 J per cent., and the sum of their 
incomes is £i^\%. \^s. What is the income of each ? 

14. Three trains start from a town A at 12.0, 12.5, and 12.10, and 
travelling each at a uniform rate by 3 different routes of the same length to 
a town B, are observed to pass a signal box at B exactly abreast of each 
other at 12.50. If at 12.20 the sum of the distances traversed by the three 
trains is 36 miles 7 furlongs, how far from A is the signal box zX. Bl 
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III. ALGEBRA. 

(Up to and including the Binomial Theorem ; the theory and use of 
Logarithms. ) 

[N.B. — Great importance will be attached to accuracy.'\ 

1, Divide ifi-ifi by jc^-ax+a^. 

Show that ifi-a^\& divisible by i?+px-V\f, ifp^ + 2ya' = o. 

2. Express 
I I 



i i~\ 2yz j 



X y — z 
in its simplest form. 

3. Prove, by the method of finding the Greatest Common Measure, 
that 23fi - ;i; - 6 is a factor of 

a«° + 3^-32j:-48, 

and 2ifi-x?~63if^ + 2x^-'ix^-c,x + 6. 

4. Show, by any method, that 

a\b-c) + l^(c-a) + fi(a-b) 
contains b-c, c-a, a-b as factors, and find the remaining factor. 

S- Find the values of x, y, z from the equations 
^ + 2^-2 + 4 = o, 
3x+4y+z- I =0, 
5^ + 6^-32+18 = o. 

5 
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6, Simplify the equation 

2jr - I 4x^ - I 

3 ~ x + 3 _x-3 lOJ^ + i 



and solve it. 



Sx^-9 x + 3 2X + 3 



7. Find the condition that the roots of the equation 

a3fi + bx+c = o 
shall be equal. 

Determine the values of k for which the equation 

I2(k + 2)x^- 12(2/5- i)x-3ik- II = o 
will have equal roots. 

8. Prove that, if a and / are the first and last terms of an arithmetical 
progression containing n terms, the sum of the series is 

\n(a + l). 

The sum of 5 terms of an arithmetic series is 10, and the sum of 17 
terms is -17; find the series. 

9. Expand 



vr^ 



in a series ascending by powers of x, as far as jfi, by the Binomial Theorem,, 
and write down an expression for the «"" term of the series. 

10. A and B axe two stations on a railway, 90 miles apart. At the 
same instant one train passes through A towards B and another through B 
towards A, with different but constant speeds. They pass each other at C, 
and ^Cis lo miles longer than BC; also, the first reaches B half-an-hour 
before the second reaches A ; find their speeds. 

1 1 . Define the logarithm of any number to a given base, u. 

Find, from a table of common logarithms, the logarithm of 125 to the 
base 4i. Give, without proof, to four decimal places, the value of the 
modulus which converts logarithms to base 10 into logarithms to the 
Napierian base. 

6 
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12. \ie is the Napierian base, prove, by any method, that 

A^ vA 'y4 

loge(l+x)=X- - + — -—+.... 

Hence show that, for any number, n, 
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IV. PLANE TRIGONOMETRY AND MENSURATION. 

(Including the Solution of Triangles. ) 
[N.B. — Great importance will be attached to accuracy, v = ^.] 

1. Prove that the angle subtended at the centre of a circle by an arc 
equal to the radius of the circle is of the same magnitude for all circles. 

Find this angle in degrees. 

2. Write down formulae for sin(^ +B), cos{A - B), and tan(/i + B), in 
terms of the trigonometrical functions of A and B. 

Find cos 75° and sin i8°. 

3. Find a value of A, positive and less than 90°, satisfying the equation 

(sin .^° - cos /4°)(sec A° - cosec A°) = 2. 

4. Prove that for all values of A and B 

. , _ A+B A-B 

cos A + cos B = 2 cos cos . 

2 2 

If the sum of two angles be always equal to a, where a is positive and 
not greater than 180°, prove that the sum of their cosines ■mW be never 

greater than 2 cos- and never less than 2cos^-. 
2 2 

5. Prove that for all values of A and B 

„ . . A-B . A+B 

cos B - cos A = 2 sm sm . 

2 ,„ 2 

Find the numerically smallest value of 6, different from zero, satisfying 
the equation 

cos 3^ - cos 48 = cos 59 - cos 68. 

6. Prove that sin 33° + cos 63° = cos 3° ; 
also that, if cot AcotB = 2, 

'lien cos {A-B) = 3 cos {A + B). 

8 
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7. In the triangle ABC prove that 

a cos B-'rb cos A = c. 

asiaB — bsinA = o. 

a^ + l^-2abcosC = A 

8. Given ^ = 42°, 0=141, b=i'j2'C„ 
find all solutions of the triangle ABC. 

9. From the point O the three straight lines OA, OB, OC are dravifn 
in the same plane, of lengths i, 2, 3 respectively, and with the angles 
AOB and BOC each equal to 60°. Find the angle ABC correct to one 
minute. 

10. Find the area of the greatest circle which can be cut out of a 
triangular piece of paper whose sides are 3, 4, 5 feet respectively. 

11. A conical extinguisher, whose section through the vertex is an 
isosceles triangle with vertical angle 30°, is placed over a cylindrical candle 
whose diameter is one inch, and rests so that the point of contact of the 
top of the candle with each generating line of the cone bisects that line. 
Find the whole inside surface of the extinguisher. 
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V. STATICS AND DYNAMICS. 

\It may be assumed that it = ^, and that g = 32, when afoot and a second 
are the units of length andtime.l 

1. Explain why it is that forces can be completely represented by 
straight lines. 

ABCD is a squsire ; find the resultant of the forces represented by the 
straight lines AB, AC, and AD. 

2. Enunciate and prove the theorems of the triangle of forces and the 
polygon of forces, and state whether the converses of these theorems are 
true. 

3. A heavy pole, weighing 140 lbs., is carried on the shoulders of two 
men, one at each end ; the centre of gravity of the pole being two feet from 
one end and five feet from the other, find the weight supported by each 
man. 

Also find what would be the effect of placing each man one foot nearer 
to the centre of gravity of the pole. 

4. Find the ratio of the power to the weight when there is equilibrium 
in a system of three moveable pulleys, each of which is supported by n 
separate string, and in which the free portions of the strings are vertical. 

Also, if the weights of the pulleys, supposed to be equal, are taken into 
account, find the relation between the power, the weight, and the weight 
of a pulley. 

5. A heavy uniform rod is supported by a string fastened to its ends, 
of double its own length, which passes over a smooth horizontal rail. Find 
the tension of the string first, when the rod is hanging at rest in a vertical 
position, and secondly, when the rod is at rest in a horizontal position. 

6. Explain what is meant by saying that a point is moving in a straight 
line with uniform acceleration, and show how this acceleration is measured. 

What is the measure of the acceleration of a body falling freely when 
eight feet and half a second are the units of length and time ? 
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7. A body is projected vertically upwards with the velocity of 256 feet 
per second ; find the greatest height to which it rises and the time in which 
it will return to the point of projection. 

Also find the times, during the ascent and descent, at which it passes the 
level of 768 feet above the point of projection. 

8. Prove that the path of a projectile is a parabola, and that, if u is 
the horizontal component of the velocity of projection, the latus rectum of 

the parabola is equal to — . 

9. The top of the spire of a church, standing on a level plane is 200 
feet above the plane. From a position on the plane, at the distance of 400 
feet from the vertical line through the top of the spire, a bullet is fired off 
so as to pass horizontally just over the top of the spire. Find the initial 
direction and the initial velocity of the bullet. 

10. Find the direction and magnitude of the acceleration of a point 
moving uniformly in a circle. 

A mass of 7 pounds, on a smooth horizontal plane, is fastened to one 
end of a string, 7 feet in length, and the other end is fastened to a fixed 
peg on the plane. The string is then straightened, and the particle is pro- 
jected horizontally, at right angles to the string, with such a velocity as to 
describe its circular path in sJ seconds. Find the tension of the string in 
poundals, and also in pounds' weight. 
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FURTHER EXAMINATION. 



VI. PURE MATHEMATICS. 
\_Full marks may be obtained for about two- thirds of this paper.'\ 

1. Show that the two perpendiculars, erected at the extremities of any 
chord of a circle, meet any diameter of the circle at two points equidistant 
from the centre ; and contain a rectangle equal to the difference of the 
squares on the radius and on half the interval they intercept on the 
diameter. 

2. Describe a circle passing through two given points and intercepting, 
on a given line, a segment of given length. 

3. Define a homogeneous integral function of any number of variables. 
Write down the most general function, of degree 4, in 3 variables, 

4. If the increase in population be 8 per cent, every decade, the rate 
of increase being constant, find the population of a town of 100,000 
inhabitants S years hence. Find also, employing a table of logarithms, 
the percentage of increase per annum. 

5. Find the coefficient of xyz in the expansion of 

{(i -x-y-z){,\ - X -y - 11 + ^yz)}'^ 
as a rational integral ftinction of x, y, and 2. 

6. If the circle escribed to the side 3C of a triangle ABC touch AB 
and AC produced in D and E respectively, prove that AB = AE - half 
the sum of the sides of the triangle. 
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The longest side of a triangular plot of ground is lOO yards, the peri- 
meter is 250 yards and one angle is 40°. Determine the remaining angles. 

7. If ?-=^(l-|-^COS0)"^ 

r' =/(l+«cos0')"^ 
'-"=/(l+ecos0")"^ 
express 

sin(0" - 0') sin(0 - 0") sin(0' - 0) 
r '^ r' ^ t" 

in a form adapted to logarithmic computation and evaluate it where 
0=17° 4', 0' = 22°27', 0" = 38°I9', / = 2I. 

8. There is a rectangular plot of ground. Show how, by means of a 
cord, an ellipse may be inscribed so as to touch the sides at the middle 
points. 

Prove the propositions on which the construction depends. 

9. Give a geometrical construction for drawing tangents to an hyper- 
bola from an external point. 

10. Find the equation to a straight line passing through a fixed point 
(A, k) and making an angle of v\t, with the axis of x. 

If the straight line rotate, in a counter clock-wise direction, about the 
fixed point through an angle of i', show that the intercept on the axis oi y 

is diminished by a length equal to h approximately. 

11. If the point {h, k) do not lie on the perimeter of the circle 

interpret the expression 

(A-a)2-|-(^-|8)2-p2 
geometrically. 

Transpose the above equation to polar coordinates and find the angle 
between the two tangents from the pole. 

12. Find an equation to a parabola. 

Prove, analytically, that, at every point of the curve, the diameter and 
focal radius make equal angles with the tangent. 

13 



WOOLWICH ENTRANCE EXAMINATION. 

13. Given the axes of an ellipse, find expressions for 

(i. ) the distance between the foci. 

(ii. ) the distance between the directrices. 

(iii.) the latus rectum. 

(iv.) the product of the lengths of the perpendiculars from the 
foci on any tangent. 

14. Explain carefully the nature of an asymptote to an hyperbola. 

Find the equation to a curve, of this description, such that the smaller 
angle between the asymptotes is 45°, and the distance between the foci 
10 units of length. 
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FURTHER EXAMINATION. MECHANICS. [Nov. 1894 



VII. MECHANICS. 

\^FuU marks may be obtained for about two-thirds of this paper. Great 
importance is attached to accuracy, N.B. — g may be taken = 32.] 

1. Show how to find the resultant of a number of coplanar forces 
acting at a point. 

Forces of magnitudes 3, 4, and 5> act at a point in directions lying in 
one plane and making angles of 15°, 60°, and 135° respectively with a line 
OA in the same plane. Find to two places of decimals the magnitude of 
the resultant. 

2. A small ring of weight IV, which can move without friction on a 
circular wire fixed in a vertical plane, is in equilibrium at a point R on the 
lower half of the wire under the action of a force R in the direction of the 
tangent at R to the wire. If the pressure of the ring on the wire is equal 
to J IV, find the magnitude and direction of the force R. 

3. Define the centre of gravity of a rigid body. What assumptions 
with regard to the action of gravity are made for the purpose of the 
definition ? 

ABCDE is a, lamina of uniform thickness and density, and of such a 
shape that BCDE is a square, and AB - AE. If the centre of gravity of 
the lamina is in BE, find the ratio of AB to BC. 

4. Find the relation between the power and weight in the wheel and 
axle. 

Show how to arrange three wheels and axles, having radii R and r 
respectively, so that PIW= r^/R^. 

5. A body of weight 16 lbs. rests on a rough inclined plane inclined 
at an angle of 30° to the horizon. If a force of 2 lbs. acting up and parallel 
to the plane is just sufficient to prevent the body from slipping down, find 
the least force in the same direction which will balance the maximum 
resistance of the body to motion up the plane, 

15 



WOOLWICH ENTRANCE EXAMINATION. 

6. State the proposition known as the "parallelogram of velocities.'' 

Prove that if a point possesses two independent velocities represented 
by X . OA and /u ■ OjB^, where OA and OB are two straight lines meeting at 
0, the resultant velocity will be represented by {\ + n)OG, where G is a 
point on AB such th^t \.AG = ii.. GB. 

7. A person rowk with a velocity of 6 miles an hour across a river a 
quarter of a mile wide, which runs with a velocity of 4 miles an hour. 
The head of the boat makes a constant angle 6 with the bank while he 
rows across, and he arrives at a point 36 yds. 2 ft. lower down the bank 
than the point opposite his starting point. Prove that tan 6 = %. 

8. Prove that if a point moves from rest with a constant acceleration/, 
the distance s passed over in a time ; is given by j = \ffi. 

A body falls from the top of a tower, and after 2 seconds another body 
is projected downwards with a velocity of 192 feet per second. The two 
bodies reach the ground at the same time. Find the height of the towen 

9. A balloon when at a height of 2021J feet from the ground begins 
to fall with a uniform acceleration of -^g. When the balloon is at a height 
of 500^ feet from the ground, ballast to the amount of one-tenth the whole 
mass of the balloon is thrown downwards with a velocity, relative to the 
balloon, of 10 feet per second. Find the time the ballast will take to 
reach the ground. 

10. A particle is projected from a point P with velocity z) in a direction 
making an angle a with the horizon. Prove that the greatest height above 

P, to which the particle rises, is " ^'° °. 

A stone is thrown from a height of 4 feet so as just to pass horizontally 
over a wall which is 25 yards distant and 54 feet high. Find the velocity 
and direction of projection. 
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ANSWERS. 



JULY, 1885. 

11. Arithmetic. 

1. 18A. 2. -8. 3. 3927 : 5000. 
4. •1418, 2-65. 5. IQs. lid. 6. 134 acres. 
7. Si lbs. 8. 790625, 107-5625. 9. 840. 

10. £4. 3s. Sd. 11. 7S4H sq. ft. 12. ;^I044. 12s. id. 

13. 8^. S(/. 14. 4%. 15. 10%. 

16. 50 tons 17 cwt. 3 qrs. 12 lbs. 17. 15^! past 24, I hr. 2^ min. 

18. ;^I234. 4?., ;^6i7. 2s., ;^20S. 14s. 19. 24I loss. 20. ;f35o. 

21. 2, 3, •1902751, 3-04077. 22. ij years. 

III. Algebra. 

, x^ n^ 'j'rx 23 , i „ M- I- t i4 ■> 
1. +^ -; i6xs-&x^y^+4x*y-2xiy^+y\ 

2. ifi+x + i; 4lsx?-4)(x^-9). 3. 12. 

6. (I) 3; (2) 2^, _?; (3) ^ = 0, ±3; ;/ = ±2, ±1. 

2 2 

7. 5:12. 8. 3^^ - 2ffl^J!- - ffl* = O. 9. 2j ft. 

10. 2|, If, lA-, It\> I- 11- 455, 2([i2)2. 12. Scale of 5. 

j^3 2«(2»-l)...(2«->-+2) ^a„_,+l^,,l^ 2^^^ 



IV. Trigonometry. 

1. 135° = ^-. 3. «7r + - and «7r + -. 

•'^4 4 3 

6. -Vi+sin^, +\'l-sin^. 8. 15°, 135°, or 45°, 105°. 

9. 132° 34' 32". 10. 117157. 

W. p. I X 



*■ ^'' l^W^V 3^-32-^ + 64' ^ ^+J'' 



WOOLWICH ENTRANCE EXAMINATION. 

V. Pure Mathematics (i). 

1. Plane through line of intersection. 8. - I3i, igj. 

9. Circle through point of intersection. 

11. -(cos0-sin0) + j(cos0 + sin0) = I. 12. +a>Jvi^- i. 

13. (x - j)(cos e_ - sin 9) = a(cos B + sin S). 

VI. Pure Mathematics (2). 

1 , 1 »(«-!) , «(«-i)(«-2)(«-3) , n(H-i)...( n-s,) , 

1= ^ 1^1? "^ 12.22.32 "•"■■• 

6. {x + X^- (2» + I )x''+^ + (2M - I );t"+2} 4. ( I _ xf. 
6. Ji:2 +y! - ^2 = a\/>'2 + (i + ^)2. 
10. (pq-r)3fi-(p^-2pq + y)x^ + (pq-y}x + r = Q. 11. 2, 2, 3. 



1 



VII. Pure Mathematics (3). 
-2«(i -xY^-^ 



3 


(-I)"^>[«- 


- 1 




x" 




fl, 


■ a^ 






Vfl2-+*2- 




8. 


«=, x/8. 





(l+x)«+' ■ 

4. log 2 + Jjf + J^2 ^ _ 

7. Perpendicular to axis of x. 

5. xx'^,,y^-.a,{^)K{^f-.. 

10. 4_tan-i?£±i, 4x+isin2x, ^. 
iJi \/3 o 

11. xsm-'^x + iji -3(?:. 13.' log 2. 

VIII. Statics. 
3. Force 4 ,^2, couple of moment 10 x side, 

6. |A of distance between the strings. 6. r>/3. 

. IX. Dynamics. 

I ^v 
1. -^- 2. St't sees. 4, 6 sets. 

S. l6,^sf.s., looft. 7. Very nearly 12-3. - 10. f/". 



ANSWESS. 



NOVEMBER, 1885. 

II. Arithmetic. 

1. 20224372008, •0123402. 2. -0000790123456. 

3. 294, S'04. 4. ;^8. 3J. 6J</. 

8. Ts. 0%d. 6. 300. 7. S cwt. I qr. 

8. "3375, iJ. 27S2o8(/. 9. £10. ids. yi^d. 10. 7. 

11. ;^8. loj. 2-ZZii. 12. 3J. 4^. 13. ;£■!. IJ. 

14. 3 per cents., £z. 12s. off rf. ; 34 per cents., ;^3. loj. 9jTs'^-i 

4 per cents., ;^3. 14?. Sts<^- 

15. jf6. 14J. 16. ;^I4. IS. 8-8i2S(/. 

17. Course 1800 yards, speed gH-J and 9I miles per hour. 

18. 420. 19. 270. 20. 2-947519, -947319, Z'947SI9- 
21. -9542426, 2-1072100, -0030103, -3802113. 22. -23456. 

III. Algebra. 
1. 3a-|i + Jc. 2. 2x^-3x + i. 

4. ^-a"^_|, 3v'7-2V6. 5. (i.) v'S-"*; ("•) 7- 

6. (i.)-^; (ii.)i,-34; 1,-1; (Hi.) 0,0,0, and ±-£-,±5^-5, +^. 

'' + '' n/35 n/7 s/5 

7. 5, 3 J, 2§. 8. 20i, 16 feet. 
10. 10 ft. 3 in. 11. ^ '" ■- . 13. ^4Aa^2. 

IV, Trigonometry. 

3. 'i(nr±^'\, i(^^iir±-\. 
10. I mile, 1-219714 miles. 11. 25-7834. 

V. Pure Mathematics (i). , 

1. A straight line. 7. «cos?^. 8, Straight line through the origin. 



WOOLWICH EN-TRANCE EXAMINATION. 



VI. Pure Mathematics (2). 

2_ «(« + i)(3«^-«-2) ^ ^ 3-x/5 3 + n/5 

6. -a, +\/-a2. 7. («2-2^)(iS-20ir)-A 11. 2. 

12. cos^^ + cos^.^ + cos' C+2cos^cos.gcosC=i. 

VII. Pure Mathematics (3). 
J 2(1 +j:^) 2 2(1 +J;') 

2. i!^(3cos4«-4sin4^), S!l^cos(«0). 

3. 40, 8; KTT+a, (2«+i)^. 4. j/_)/,2 + ;c;ri'' = 2f*. 

The point 2, H- • 8. q '3\^r3 ■ g 

6 

log(;t:+l), log^, log(j; + VS^+T). 

10. ^(sin.j:+cos;c), '^jLL\o^{x + l)-\[,x-T.f. 

11. ^. 12. (I) ^., (2) If". 
'^ 3 4 

VIII. Statics. 

!• \/3 : I : I- 6. 55 lbs. 

8. W%\rt.2A Wsm zB WsimC 

4 sin ^ sin .5 sin C' 4 sin .,4 sin j5 sin C' 4 sin ^ sin .5 sin C' 

lO- 2«'- 12. I^ from centre. 

4 

IX. Dynamics. 

3. ISI lbs. per ton, 2 m. 572 yds. 4. 80 ft. 6. 9 lbs. -weight. 
'• 4 '52, 372 sees. . 8. 38-90,55. 

9- 28. 11. 25.4. 



ANSWERS. 



JUNE, 1886. 



II. Arithmetic. 

One hundred thousand and two hundred millions, two hundred 
thousand, one hundred. 



2. 90900, I. 

6. igs. i\d. 

8. £yi- is. in<i- 

11. ;^289. 

14. At 5 hrs. 12 min. 

16. 176^^. 

19. S2i. 



3. ;^730. i6s. 4. ;^"s. 12S. 

6. 25. 7. -1418, 289. 

9. £iz. OS. 4</. 10. £6TiS. 

12. 36 sq. ft. 74-I in. 13. 1234!^. 

15. £1. 19J. 41/. or 2l-j\'y p.c. 

17. 2-5984375, 6296-4... 18. -714285, ;,£'I08. 

20. 2-0897995. 21. 855677. 



III. Algebra. 

1. (i.) ^f^+y-. (ii.) o. (iii.) j^. 

2. x'^ + ylz.xy+y'^, x'^+y^ + x+y-xy+i. 3. 2xy. 

4. (1.) __ . _ ; (u.) U-5±'J19)- 

6. a<-.«2-(i5^-23i-).»; + ac = o. 

6- S. 7- 8. 6o|and40yds. 9. i, 4, 7, etc. 



10. 



11. o, -4. 



12. 40320. 



IV. Trigonometry. 
3. 180°+^. 4. ^2. 7. 65° 59', 41° 56' 12", 

I Y 



WOOLlVICff ENTRANCE EXAMINATION. 

VI. Pure Mathematics (2). 

1. 4. 3. 1+ 5 Jt + 1 pji^ + 65^1^ +... + (3"+i- 2"+' );!:"+... 

4. (I) «(»+')(« + 2); (2) ^_, I. 

3 «+i 

5. x = 42, 31, 20, 9; J/ = 7, 16, 25, 34. 6. 24. 

8. (I) 21; (2) ^•7-8-(5 + «) . 10. .. 

11. 2 + a/^, -6, 2. 12. -88 

VII. Pure Mathematics (3). 

1. ,, cosecjr, x'i^oex+i). 

i+x' 

4- -10, ±-rT^-Aza+sJa^+-izlf)Ji6t:'^-a^±a>Ja^ + 'i2b\ 

I0V2 . 

5. xx-^+yy-^ = a^. 6. A/?l^ 7. (a^ + b^)^ 

y a 4. 

8. _y+ar+a = o, 2y+x = 2a, x + a = o. 

9. |. cos^;. - J coso^, ^(3'°g^-'), J log ^. 

9 .^7*+ 1 

10. -i!_, 1(^2-1), ^-l. 
Sin a 2 



VIII. Statics. 

5. I lb. at distance S ft. 8. -2678... in. 9. J altitude of triangle. 

IX. Dynamics. 

1. 15, 9 miles an hour. 2. 5 miles an hour.' 

4. Ace, 8, Tension 3f oz., Pressures 3, 2^ oz. 7. 12 f.s. 
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ANSWERS. 



NOVEMBER, 1886. 

II. Arithmetic. 

1. 7256. 2. £962. 4. 7 tons 6 cwt. I qr". 

5. 1-34455. 'Oi- 6- .!C962. 9J. 3i(f. 7. 5 days. 

8. 113^, 483. 9. ;^194. 12s. 7j</. 10. £l^l. IS. io\d. 

11- ;f 1333- 6j-. 8(/., 31^ p.c. 12. 5 cub. yds. 25 ft. 1567 in. 

13. 25 p.c. 14. 5 days. 15. 152"47S lbs. 

16. 31 yds. 2 ft. 4 in., 3^. 9(f. 17. 2825761,2560000. 

18. ;£'35So. ;^3i24. ;^2982 ; ;^3S36, ;^3I28, ;^2992. 

19. I^. 3J(/. nearly. 20. -676923, £y. gs. ^d. 
21. (l) -8450980. (2) -3010299, -4771213. 22. 39-405. 

III. Algebra. 

1. 2aV + 2ad + l, x^ + 2 + x"\ 

... I _ I" \ o (■-- \ ^^ + 2a^ + 3a^ 

x^ +y^ ' x' - 3ax + a^ 

4. (i.) £4£'. (ii.) ;k, ±3, +1;;-, ±2. 5. 32 ft., 24 ft., 10 ft. 

25* 

7. Si 6f hrs. 10. 8, and 2. 11. 68, 888. 12. 60. 



IV. Trigonometry. 
1. 65°27'i6A". 3. ^^, ^^1, -^, ^. 

^ " 2^2 2;v/2 2^2 • v/3+I 

5. fj|. 7. -22221. 

9. 93° 22' 21", 47° 41' 7", 38° 56' 32". 10. 2-39, 1-366 miles. 



V. Pure Mathematics (i) 

3. The line of centres. 8. — , 11. — r-- — 7. ;r-' 

Aijcfi + ^2 ao sin cos 9 

12. (i.) Hyperbola, centre -a, -b; (ii.) Ellipse, centre f, 2. 

(iiL ) A parabola and straight line. 

3 



WOOLWICH ENTRANCE EXAMINATION. 

VI. Pure Mathematics (2). 
4. [S, \n. \n- 1. 6, «^-2xcos29+ 1 =0. 7. 3, 3, J. 

8. i-x + x*-x^+...+x^-ii^+^+... 11. — (cote+i). 

VII. Pure Mathematics (3). 

2. 7 1 "4 yards. 3. 3-1390625. 

4. Triangle is a minimum when M bisects I'Q. 

°- ± , „ „ ■ ± , 6. ^, c. 

J a" + 6^ s/a^ + d^ c. 

7. p^ = mr. 8. j'±(^x + -"\ = O, ;«:-2tt = o. 

9. (I) logjfui)^; (2) £V?^+^sin-i^. 11. ?". 

(j;-3r 2^ 2 a 2 

VIII. Statics. 

2. W. 3. 3 oz. 5. |:| height. 

6. 8 oz., I lb. 10. 1000 ft. 11. 107. 

IX. Dynamics. 

1. At angle cos-'§ to the bank ; perpendicularly. 6. "J-^ miles. 



ANSWERS. 



JUNE, 1887. 

II. Arithmetic. 

1. 18. 2. £i,(). sj. 3. It^s. 

4. l\\. \\s. 3d. 5. ^100. 6. £s6. iss. 4^. 

7. •000001645, "SI. 8. js. 2j-oo832(/., ■90O44890§730i5. 

9. 7963,40-5. 10. 4J. 11. IJ-. 7-97184^. 

12. Int. : Disc. = 5 : 4. 13. ;£'i9049. 3j. Diff. of income ;^2S3. 8j. 9(^. 

14. 12 sq. ft. 81 in., ;^I2. 8s. 6Jt^(/. 15. 2s. lul. 

16. I007'61bs. (if packed in line ioi8'3 lbs.). 17. ^, '00007901234^6. 

18. 60 days, 12 hrs. 16 min. 19. 15 '44. 

20. 1-9488474, •3344539.37781513; value = 6-240325 ; 19 and 20. 

21. 10 -08. 

III. Algebra. 
1. x*+ii?-a'ifi+-^+a^x-x+\, x'+(z + n)ax+za?: 

'■ ^'-^+'- '■ (') x(x-:)ix-yy <^' '■ '■ ^'^-^i'" - 

6. (I) 3,6. (2) I3and2i (3) ^' + ^'±^^^ + ^l-^a^^K 

2(0 ~ V ) 
g nb + (n + l)a na + {n+i)b 

Zn+I ' 271+ I 

I — "Z^ 

9. Sum i—, last term -3^"'; sum -2w, last term I -4«. 

4 
10. 1221759, 720. 11. 28, 3. 

12. 3s. 4^. in the £. Land : personal property = 2:3. 



IV. Trigonometry. 

1. sin A = ^, cosA= f , cot A = i, secA = f , cosec A = ^. 
7. 49° 28' 32". 8. f -93753. I76I43- 9. 120°. 

10. a. 11. Height = ^V7 = 33-07i89. C'Z)=i74ft. 



WOOLWICH ENTRANCE EXAMINATION. 



V. Pure Mathematics (i). 

2. A circle on line, drawn from pt. perpendicular to given line, as diameter. 
4- -14- 6. St. line. 7. y = a±ex. 



VI. Pure Mathematics (2). 

1. /-6/ + 9y-2. 2. /4 = C=i, ^ = -Z> = — . 

.2V2 

3. (I) «(4»2+6«-i); (2) i+.^-(2«+i)^" + (2«-i)^"+^ 

4. iffl-a'). 5. A little less than 36 years. 

2 sin a 

10. !!+£l^in „.. !!z^"^.e . ■ 2(./^ + .-^)cos g 2(.^-.-<^)sina 

2 2 ' /^ + f-^^ + 2C0S2;8' /'' + ^-^''+2COS2 

"• 4, ±x/3- .12. 2, 2, i(-i + v/-3). 

13. ?-Jr'-(?>--25f);i:2 + (/;-3-4-/?-+4^);c-Hi + 6;-2- i2r+8 = 0. 



VII. Pure Mathematics (3). 
!■ — > Tj (sin^)"'{logsin;i; + :rcot;tr}. 






. usm^n ny ^mx 

/ • '■ — 7 H 7- = ?« + »■ 

slmn y x 



8. j;-4log(l+;i;)-_^, log(2«+ 1 + 2^/^+^+^^) or sin-''^~', 

— (^-log^t-l). 11. _^(ot>„). 

'^ m — n . . . 



VIII. Statics. 

3. 24, 9f lbs. 4. 7/'. 

5. 3a lbs., Jin. from centre. 7. 2^5, 3 inches. . 

8. 3808 ft. -lbs. . 10. iJJbs. 



ANSWERS. 



IX. DYNAMICS. 

1. 2 f.s.s. 2. z/cot B. 

3. Accel. = 4/. Z = 32 7'^(Z ft. = unit of length, T sees. = unit of time). 

6. A circle. 8. A parabola. 



NOVEMBER, 1887. 

II. Arithmetic. 

1. 899910. 2. ;^i9. 15J. M. 3. 4/t. 

5. •00212, 21200. 6. 27765625, 2 qrs. 7 lbs. 

7. -ir"!!!. 8-S4S54470i3i69t- 8. £,\. ids. 

9. ;^i5o. loj. sJii^. 10. 14-0700007. 

11. 8 cub. ft. 656I in. 12. 12 years. 

13. £,1. 14. 120 days. 

16. i6tVV- ' 16- 34^- 

". 4. i:5'3692i59., i'3692iS9. 2-3692159. 18. -0189694. 

19. 367182. 20. (i) ;,(;6ooo; (2) ;^i3i5or. 5j. 5(/. 

21. I mill. 52^ sees, after the dog started. 22. £,%\<). 6s, 2-67^, 

III. Algebra. 
1. x{a+i)-y(d-i). 3. x^ + 7xy~y-. 

8. (I) 6a + d, 2a-d; (2) 3^ and 2H; (3) -|. 

2 

9. 1020 yards, 10. 180, 

|2w 

"• "°- 12. (-I)">^, i(>-+l)(^+2)(^H-3)- ' 

IV, Trigonometry. 
4. I, I-N^, 

3 V2 
- 4tan.^(l-tanM) ir nir -iw „ , 

'■ (i+tan^^)^ -' «" + 4' T+T- '• '°"976'S- 

3. 



WOOLWICH ENTRANCE EXAMINATION. 
V. Pure Mathematics, (i) 

j2 *2 



4. W{iV2+aV+n2/5n. 6. A parabola. 6. . ° , , 

7. Rect. hyperbola, ifi-)^ = fi, when origin is mid-pt. oi AB, and 
^^ = 2C. 

10. j;y+jy = o. (i) A pt. at the origin. (2) 3 st. lines — axis of 7, 

x-y = o and a;+_)/ = o. (3) Four points x = +a, y = ±i. 

VI. Pure Mathematics (2). 

3. ;,= .+^^-J^ + A.«-... = . + i_J^ + j^_... 

5. i«"(«-l), 2«(»-l). 6. 4||. 8. 2, 2, -J. 
9. {J + i^^. 10. "° ^- 

I - 2X cos S + ^ 

11. o, tan I, tan gl, tan 31... tan'"- 'K 12. '^° + ^'^^ . 

n n n n («+rf)cotfl-f cot^ 

VII. Pure Mathematics (3). 



3. 


ai(l+tanV) 
a^ + iHan^;)/' 


6. "(^ 




2 


7. 


?-» = a''cos«9 where» = -^. 8. j/=+x + -, ±^witl 


9. 


Ja;-isin2jr, «log.a;-jr, \\og'l^z2.. 

x + Z 




10. 


'' " s^s- 


11. ''"^ 12. 8''fn-9^V ^'^. 

12 . 27V 48; 27 






VIII. Statics. 




2. 


14-242. 


3. 6i, I If lbs. 


4. 14-56 lbs. 


7 


arW 


*r»' 


8. sAin. 




(,a + b)^r^-ab' 


(a-Vb)>Jr^-ab 






IX. Dynamics. 




1. 


I : 20 : 360. 


4. 115200 feet. 


5. 2i, 34 lbs. 


9. 


17130Z. 


10. sf f tons. 





ANSWERS. 







JUNE, 1888. 






II. Arithmetic. 


1. 


4623. 


2. 


I^- 


3. 


149, 1317160. 


4. 


■01405609352, -90892. 


6. 


lifl. \y. 4d. 


6. 


^Vt, "iVtV. :iU««;r. 


7. 


Th> •965io4i^- 


8. 


I4'i3; 31- 


9. 


8 days. 


10. 


£10. 


U. 


4i. 


12. 


£'3- 19^- 2</. 


13. 


£1. 17s. ^d. 


14. 


;^I3- l8^- 


16. 


6, -6, |. 


17. 


4-5529844, 2-5529897. 


18. 


83570-6. 


19. 


198-5365. 



20. 38-7. 21. 8-82888. 22. 2 miles or 24 min. after. 

III. Algebra. 

1. o. 2. 2(a + ^)(i5 + c), i,xy{x - y){x'^ - xy + y\ 

3 2j^ + 3j;-i ,. , 34Jy . ... . I 

B. -+— , £5. 7. (a) -20; (*) 5; (f) asxi&b. 

^ a a' 

8. A- 9. ?-( ;^2- I) = -259921?-. 
10. 2(7,-. 12. For w + r put » + ?■- I. 

IV. Trigonometry. 

1. S7°i6'2iA". 3. 4«7r±^. 

12 

4. COS a + cos 2a + cos 3a + cos 40. 5. f. 8. 39:33:25 

10. A = 105° 27' 35", B = 15° 5' 20", c = 2-44844. 11. 45°, 

V. Pure Mathematics (x). 

9. tan"'^^. 10. A parabola with same vertex and ^th the parameter. 
12. (i.) Axis of J and a hyperbola ; (ii.) 2 st. lines; (iii.) A parabola. 

W. P. I 2A 



WOOLWICH ENTRANCE EXAMINATION. 

VI. Pure Mathematics (2). 
(a - b)[a - c) 



d' + lf^ + c^-a!)-ac-bc' 

(b-a){b~c) (c-a){c-b) 

a^ + b^ + (?-ab^ac-bc' a^ + l^ + c'-ab-ac-bc 

2. (i.) 'l(^n?+6n-l); (ii.) J. 3. -2x^ + 2x^-^ + 6x^. 

7. -2, i(l+N/-!l); ±V2.4(I±n/-II)- 

8. (i.) „, -^±5^lS!; (ii.) I, I, i(-:±V^). 

VII. Pure Mathematics (3). 



1. 


I \/« + 3 . ,^ .1 I 


6. 




9. 


sin-i?^^, Jcos=«-cos;ir, ^log;i;-i.j:2. 


10. 


^. «T. ^- 11. (I) 7r«2; (2) ^wab. 






12. 


^ax+x^ + a\og'J'' + '^''+''. 
sja 




VIII. Statics. 


2. 


i lb. 3. S///5. e ^2 ffr' frnm fhr- hi'nrrr 




Wx+2W^ 




IX. Dynamics. 


2. 


^ 3 ^-'^ r 


8. 


68-033 miles per hour. . 9. 80000 feet. 



ANSWERS. 



NOVEMBER, 1888. 

II. Algebra. 

1. I. 3. /^-(sx + <j, (2A- + 3)(i6;i:^ + 36A^2 + gl)(6^3_5;f_6). 

4. 2--3+4-. 5. j^>i^ac. 

ax 

6. (I) i^V ; (2) a + b, and \{a-\-b) ; (3) 9, 6, 4 or 4, 6, 9. 

7. 3, 8 gallons. 9. 15. 



10. 



[ml 



^=-\x^■-\ 12. Slightly over 125 years. 

2 + iV .a;/ 



III. Trigonometry and Mensuration. 

1. 21,600, 6875'49. 4. 2mr — 

4 

i. A- 22° 37' ilj", 5 = 67° 22' 48i", C = 90°. Area = 120 sq. ft. 

9. 4i8*4, 430 ft. 10. 233-509 ft, 238-978 tons. 11. 165-748. 

IV. Statics and Dynamics. 

1. Yes, arranged in same line. 2. iP. 3. i ft. from centre of lever. 

6. : — from free end (a = inclination of plane to horizon). 

l + sma ^ ' 

9. 128. 10. 2 J sees., f weight. 

11. 8of.s., 80v/3f.s. 12. ?^. 



V. Pure Mathematics (i). 
7. x-y = o, 8. {^-ma.-bf = k\\-^irfi). 

10. (<r+o^){^+3i2)_^2^_ H_ '^jyl-i. Eccentric angle. 

a-i b'' 

12. (I) Parabola; (2) Hyperbola; (3) Ellipse. 

3 



WOOLWICH ENTRANCE EXAMINATION. 

VI. Pure Mathematics (2) 

1. +i±^/i. 3. 12, -60, 60. 

2 

4. 2160 lbs. weight. 6. 19, i, 80. 

6. -.i^-i4^5-^^_ _ j(,__i_+_J_)^« 

8- 27° IS'. 9. 3. 



VII. Mechanics. 

1. Straight line through point of intersection. 

2. Wt. 376 lbs. ; Tensions, f88, 1-28, 2-53 lbs. 3. S4j°, 47j°, 78°. 

4. Force is >Wtana; ^|^°° , ( W = weight of plane). 



6. /Ji^. A St. line. 7. £— ^ . /5. 8. "' 

•P+ G 43200 

10. Ji/, perpendicular to and 5/3z/ along the line of centres; st. line 
at angle of 30° to line of centres. 11. | ft. -lb. 



ANSWERS. 



JUNE, 1889. 

II. Algebra. 



1. 4(a + c){a-c){x-e){x+j/ + z). 2. a + 4. 



^ + ^ 4. 30. 5. ^: 36. 



x^-2xy-2y^ Zxy[x+y) ' a-* 

6. (i.) 6. (ii.) ^ = -1, j=l, z=i. (iii.) o, -4. 

7. (I) p. (ii.) f-2q. (iii.) p^-ipq. 

8. The number of sovs., half-sovs., florins and half-crowns are pro- 

portional to I, 3, S) 6. 9. o. 

„ 40 „ no . 

11. l+2X+i3l? + —X^ + X*+.... 

3 3 

12. 3-6020600; 3-3219280; 20. 

III. Trigonometry. 
1. 6S-7SSin. ; 17188-7. ft. 2. a 



'T. I 5 

— » - — ) — • 

233 



3. 4cosec29. 4. J{«!r+\/l6H-»V''}. 

6. 2sin.(4 = -Vl + sin2/i+Vi -sm2A. 

6. (i.) »j:r, and -^f^-(-l)»— ^. (ii.) v/3. 

«-i 6(«-i) 

8. 200-017 ft. 9- 17-1064 sq. in. 

10. 960-08 sq. ft. 11. II cwt. 1 lb. 1-32 oz. 

IV. Statics and Dynamics. 

1. The angles between their directions are 150°, 120°, and 90°. 

3. I, I cwt. 4. Ijcwt. 

B. 2 : I : I. 6. 12 lbs. ; pressure 20 lbs. 

7. Velocity 13, at an angle sin'^^f to the vertical. 

9. 144 ft. 10. 60 yds. 

12. At a point zh from the foot of the tower, with velocity 2ijgh i. s. 

W. P. I 2B 



WOOLWICH ENTRANCE EXAMINATION. 



V. Pure Mathematics (i). 
8. a;2+/ = ,72. 



a\J>-b') 2bb' a 2 2 



* + y ' b + b' 
9. y^ = 4(a' - a){x -a.); if the given parabolas are y^ = ^ax and 

y' = -4b{x + c), the locus is y^^ j——{x + ~y 

11. (i.) A circle. (ii.) An ellipse, centres, -a, semiaxes— , — • 

(ill. ) A hyperbola, semiaxes 2a, zb. 

VI. Pure Mathematics (2). 
1- j^-sy, r'-Sj^ + Sy- 2. x = ±2, ±-L; y=±3, ±4-- 

3. -I+2\/-I, I±;^2. 

4. ^ + (4^^/- 3(^ ^3s)j)/ ^ 2^^« - 2c' + 2fl« - 2ad^ + nbcd= o. 

x-I x:+I x'-x+I ^ ' 

_ ,. , mr 2mr,v ,- \ ~ _i_ -1+^^17-3 

7. (1.) — , + -. (n.) 2W7r+cos ' ~ ' — -. 

4 3 9 4 

8. sin-" rsm-. 

2 2 

10. If X =a cos o, J/ = a sin a, x' =b cos /3, y' = b sin /S, 

tan d - ''"' ^^° "'" "*" '^" ™ '^'^ 
«'" cos ma + i" cos w;8' 

and Ii = {a^ + b"^^ + 2o'»,5-"cos( ma. - n^) 'f. 

11. B^ = -\, B^ = l, Bs = o, Bi = -i^. 

VII. Mechanics. 
2. 31-6 lbs. ; 17° 3'. 3. i. 5. ^^. 

2 

6. 2658-3124, 658-3124 ft. -lbs. 7. I sec; li sees, after first started. , 
8. The radius makes an angle cos"'J with vertical. 

10. X^-Yl.y. 



ANSWERS. 



24 



NOVEMBER, 1889. 

II. Algebra. 
1. :i^-iry'^'^^-yz-xz-xy; o. 2. yiss^-2c?x + c?. 
4. {{d + c)x-ay}{ax + {6-c)y}. 5. kJ2x-s + \/x + 2. 6. 

7. (i.) 4. (»■) +^- ("iO -^ = 0. ±3; ^' = ±2, ±1. 

8. 90, no. 10. 105. 11. {r+l){2r+l); i{r+l){r+2); ■^. 
12. 2-5440680; '9116518. 

III. Trigonometry. 

1. ^. 2. sine = 5, cose = 4, versine = -. 

2 S 5 5 

4. «7r, «ir+tan"'(\/S)- 6- 4- 6' 2. 

7. 5 = 110° 48' 15", C = 26°56'i5", a = 93-5i92. 

8. Height, I59'422 ft. ; distance, 215-676 ft. 

9. Area, 101543^ sq. ft. ; perimeter, Ii29'6i4 ft. 
10. J diameter ; at the top of the cylinder. 

IV. Statics and Dynamics. 

1. 60°. 3. .^ is 7 in. from nearest peg. 4. 10-14 ft. -lbs. 

6. In the vertical part 2^^ in. from the junction. 7. 1 1 min. 
8. (i.) li^ sec. (ii.) f sec. , and on return after 2^ sees. 

10- S3l4f.s. 11. 4v/3f-s- 

V. Pure Mathematics (i). 

7. J/i/jsin (oi - Oj). 9. y = mx - 2am - anfi. 



WOOLWICH ENTRANCE EXAMINATION. 



VI. Pure Mathematics (2). 

1. ?B±3£Sii+l^di + l^ + ^-bc-ac-ali. 2. 102. 

3 ~3 

116 

3. 35; 24. 1. -Tjri= 63063000. 

(m- n)a + 2nb „ _(>^- »i)^ + 2»'fl 



\ mn 



7. 2«7r + a, 2nv H 

2 



8. ( j;2 + 2jrcos- + l |( A-^-2jrcos-+l )• 10. -, 



VII. Mechanics. 

1. 3-4, 15-6 lbs. 2. 2-15, I -49 lbs. 

3- 2H, S'l9oz. 5. iW. 6. 1400V3 ft.-lbs. 

7. 4 sees, after the first started at distance 16 ft. from O. 

9. 31:33- 10- A of perimeter from point of projection. 

11. 32-249. 



11 



ANSWERS. 



JUNE, 1890. 

II. Algebra. 

1. 3i?-t,ifiy + (>xf-f. 2. x-T,'^. 3. 248. 

4. (i.)3; (ii.)^=4(« + i5),j = 4(«-''')- 5. 9.^2 - 30X + 34 = o. 

6. (i.)2|, 2t; (i;.):»: = 2, I§;>'=S, 6. 8. 5(x2+y+03+J2 + x2 + :ry). 

9- §, I. T. I. A- 1°- 2{«-l)(«-2)...(«-?-+2). 

»(»+!). ..(w + r-l) . 1.3. 5...(2»--l) 

j;. ' 2''[>- ■ 

12. 2-1177312. 13. 15-468, ... 

III. Trigonometry. 

1. 57° 17' 45". 3. 2cos^ =-\/l+sin 2/i+>/l -sin2/4. 

6. ai-^is/P- i+kJo^- i). 7. "1736 and -9848 of a mile. 

8. ^ = 83° 7' 39", .i5 = 42° 16' 21", C= 199-099. 

9. 4Jr?^, 27r?-.4, 7rr/(/= slant side) ; 22-66 sq. yds. 

10. 2-7373 in. Height 5-6696 in., base diameter 4-4097 in., and top 

diameter 3-4488 in. 

IV. Statics and Dynamics. 

JV 

1. 5i, 2, 6, I J, 41^ lbs. respectively. 2. Each = —j-. 

v3 

3. Taking 5 in. to 2 lbs., moment = ^ ft. -lbs. 
i. I lb., 4i in. from ^. 6. I ; ,^3. 

7. f;^3 miles an hour. 8. 25 ft. 10. |^lbs.-wt.; 13^. 

11. 121 : 14400. 12. 240.^/2 f. s. 

V. -Pure Mathematics (i). 

2. A circle. 6. A cylinder. 

7, (i.) 4 points; (ii.) 2 pairs of lines parallel to the axes; (iii.) two 

parabolas, vertices at origin ; (iv. ) hyperbola. 

8. A straight line. 9. j:^ +y - 2a.r - 2(3j/ = o. 10. y''' = x^ + 6ax + a''. 

W. P. I 2C 



WOOLWICH ENTRANCE EXAMINATION. 

VI. Pure Mathematics (a). 
2- (i.) 333667 ; (ii.) 200000. 3. 3125. 5. 56 and 44. 

8. (2« + l)|, S»7r+-. The angles are 202^°, 220°, 247^°, 260°, 2924°, 

a 9 

337i°. 340°. 

9. U_\zA^z3,y\^{^^^\±:Lzl,yy 10. \a,la. 

... n cos(29 + «-ia)sinwa 

11. h. ^ : 

* ' 2 2 sin a 

VII. Mechanics. 

2. 3-9, 2-6 lbs. 3. 26-8 lbs. 

4. ;^{/'2+C^ + ^H2/'yfcosa + 2e^cos^ + 2/'ecos(a + ^)}; 

,A' + /'cosa + QcoS|8 .. ,. ,. , „ 

cot"-' — TT^ TT^ — ;r"^with direction of K. 

Psma- Qsmp 

5. — , 7. 2 sees. , and 5* sees. 



2<JK- 



ANSWERS. 



NOVEMBER, 1890. 

ir. Algebra. 

1. sfi-i^-^-ix^-x'-^i; x-2. 

2. i + iabc-a'-V'-c^; {x-yf+{y-zf^[z-xf. 

3. 1000,1. 4. x^-l. 5. (i.) 4; (ii.) A-= I, j)/ = - I. 

6. g^>/^pr; -2and8. 7. (i.) fl^ - I ; (ii.) ;t = 2, 3; /= I, o. 

8. .4 18, B 12 miles a day. 9. -f^. 10. 78. 

11. i+4^+iox^ + 20^ + 35.T*+56:r5+... ; 2. 

12. (i.) 3-3219278; (ii.) 18 years (17-67). 

III. Tkigonometry. 

1. sin2io =-4, sm7S0 =1. i. -g-> "T-q- 

7. -S, J. 8. 40° 56' 12". 

9. Height 46-1402 ft., distance 99-92 ft. 

10. 13378s ft- 11- ilHton. 

IV. Statics and Dynamics. 

Z. IW,IW. 4. 2 A lbs., making an angle tan-^M with BC. 

5. For 6 lbs. , 3 sheaves in each, string fixed to top block ; for 7 lbs. , 

4 sheaves in top and 3 in bottom block, string fixed to lower block. 

6. From any point distant J side from an angle of the triangle. 

7. 484 : 315. 9. 2-J sees. ; 64 f. s. 
10. 42J poundals, or i-rrs Ibs.-wt. 

V. Mathematics (i). 

1. (i.) Circles; (ii.) Straight lines. 

7. (i.) Two straight lines at right angles; (ii.) A circle, centre |, 2, and 

radius 2J ; (iii.) A parabola, vertex -a, 2a; (iv.) An ellipse 

centre 6, 4, semiaxes 10, 5. 
*• ,y-y' = i3.na(x-x'). Taking the fixed lines as axes, the hyperbola is 

2xy = (x'y+xy'), and the asymptotes are 2jr-y = 0, 2y~y' = 0. 
10. x^ - 2ax'^ - ay^ = o. 



WOOLWICH ENTRANCE EXAMINATION. 



VI. Mathematics (2). 

3. l+x-x^-x^-Vx^-Yx' - ...; l+x + 3x^ + Sx^+llx* + 2lxfi+ .... 
5. l-x-2x^; 2" + {-l)". 6. 385 ; J(9^/2 + 2) diameters. 

„ nir HIT , ir , a sin ^ sin C . > ■! 

'■ T' T±.2- «• ^--:r-— — -• i°- ^■"-'^- 

sin -{sin ^ + sin C) •' 

2 

• "■ , «j.i ■ » - I 

j; sm — + x""""' sin x 

11. (i.) sin '--^sin — ; (n.) 

I - 2x cos — + X'' 
n 



VII. Mechanics. 

1. 41";? lbs. acting in .<iC produced at distance i '66 in. from C. 

2. Tension, 47^\ lbs. ; pressures 43^^, iSItt lbs. 

^- -]5r-. -^- 5. %W, \W, i\fV. 

7. 4(X)0ft.-cwt. 8. « + 4/(2?2-i)feet. 



ANSWERS. 



JUNE, 1891. 

II. Algebra. 

1. (x-i)*-(x-if+i. 

2. f!±i; (;j:-l4)(;<r-i2), {x^ + xy + f)ix^ - xy + f]. 
1^ + 2 

4. 2x^+3x+4. 6. (i.) f. (ii.) I^, |. 

p I 
6. 654321, 1562202. 7. (i.) -, --. (11.) x = i, -i; y = -i, f 

A a 

8. 6J and 5 sq.ft. 10. i+| + J+...; 10, 12, ... 60, infinity. 

11. m, 5* and 6«'> terms = iHI^I. 12. 4-60898, ;^loo,ooo. 

III. Trigonometry. 

1. 13, +Vi3, i6?_ 3. tan(«-i)^. 
12 3 120 

8. 56° 30' 56" and 123° 29' 4". 9. j/2{x + T). 

W- ;f 19962. I3J> 6(/. 11. 1 22 1 '88 cubic inches. 

IV. Statics and Dynamics. 

2. ^fV, illfV. 3. 7 oz., 9f inches from ^. 

4. 39+4\/6 ^ _ .6£o6a. 5. Round C in direction ^0^4. 

75 

T. 34f 8. ff.s.s. 

10. J sec. 11. 9i'^f.s. 12. 350 ft. 

V. Pure Mathematics (i). 

2. SP= abscissa, or latus rectum. 

8. x[a sin o + ^ sin ;8) -y[a cos a + d cos j8) = o, 

x(,a sin o - ^ sin |8) -)/(,a cosa-6 cos /3) = n^ sin(a - j3). 

.n ,. T n 2eL 

12. 5 = -, ;-cose = 3. 

2' I -«^ 

W. P. I 2D 



WOOLWICH ENTRANCE EXAMINATION. 

VI. Pure Mathematics (2). 

2. VA*. 3. ^^. 

4. a + ^ ? ? 6. 1680. 

2a + i+ 2a + 2a + 1 + 

6. {i.)x = a, ^{VaVa + v/S-i}, -^yai^-x/S + i}. fW- 2^/3-^3-1}, 
-^{V-WS + v/S+i}; J = -«, ^{VW3-n/3 + i}, -ffVWS + v/S-i}. 

^y-Zx/S + v/S+i}. -^{V-avS-v/S-i}; 

... , rcosa-/3 fC0sa + /3 

(u.) x = :^, j/ = ^. 

' cos^ ' -^ cos|8 

11. (i. ) I - log.2 ; (ii. ) i - 1 ; (iii. ) I - i(«v-i + j-v-i). 
2 5 

VII. Mechanics. 
1. 37-81 lbs. 2. -4583, 9866 lbs. 

3. sine<^. 5. It slips. 7. 30°. 

10. At a point J/ from the end, the tension = — .( i-j\w. 

11. 667 yards. 

12. sjrg . sin 2$, where fl = Z its distance from makes with vertical. 



ANSWERS. 



NOVEMBER, 1891. 

II. ALGEBRA. 

1. o. 2. 2x'-7;r2 + 5, a*-lcfibJt-ba^l?-laff' + b'^. 

3. x-i, x^^-^ix^^ + yc^^ + e^^'^-^- .... 4. x^ + ix+i. 

5. -3. 6. (i.) f; (ii.) j: = St^, ^ = 2^A. 

8. (i.)3(3±Vi7); ("•) ±6V 4.^!t'-26 - ^- '^54. 

10. «(«-l)(«-2)(«-3). 12. 51978. 

III. Trigonometry. 

3. 14. 6. Two. 

9. 131° 4' 18" -6. 10. 52-240511. 

11. 96 cub. in., 1 38 -528 sq. in. 12. 2\\% tons. 

IV. Statics and Dynamics. 

1. o. 2. 5 : 2. 3. ^3 - I. 

5. 45°. 6. I lb. 7. f and l\ sees. 

8. 2| miles. 9. (i. ) y^^S = I ; ("■ ) equal. 10. 32^3. 

11. 2I1V, 360 feet. 12. m = M. 

V. Pure Mathematics (i). 

2. Sides 7.;!;+^= II, 3^->'+i=o, x + ^y + y =0; 

bisectors 99;i; + 77^+7i =0, 7-a;-9>' = 37. 3. A straight line. 

4. (i. ) A circle ; (ii. ) an ellipse, parabola, or hyperbola according as the 

constant is >, = , or < the distance between the centres. 

OS' 

5. Two. 6. When the distance of the point from the origin > -— 

8. 8, 2ij2- 9- -A- parabola. 

3 



WOOLWICH ENTRANCE EXAMINATION. 



VI. Pure Mathematics (2). 

1. (i.) 6,-7; (ii.) x=±a, ±?^; y = +l>, ±^. 

2. ln{n+i)(n + z). 5. 89. 

6. sm(^ +2^) is positive, cos(^ + 25) is negative. 

g "f^y 9. 9.65,46, 20-S309. 

sin(o + /3) 



yil. Mechanics. 

1. S"632, 4792. 2. The e.g. is 3"'I9 from ^ ; 12 oz., 17 oz. 

3. Tension, I fF. Pressures on the pegs, ^f^, ?^fr, ifF. 

6 3 3 3 

7. In ij sees., 37 ft, from lower point. 



ANSWERS. 



JUNE, 1892. 

II. Algebra. 
1. a'-aH + galt^. 2. 3^+/^x^+/jx+s^. 

3. 231P+3X-S; (2x + S){2x-5){x+l)(x-l), (2;i: + S)(^-l)(^-^-3)- 

4. (i.) 3-r{2-Sx + 6x^-4x^ + x*); (ii.) a + i; (iii.) I. 

5. 4(a + *)- 6. (i.) lOj, -3; (ii.) I, 2. 
7. c*x^-4ic^x+4lfi = 0. 8. 40. 

9. 9f, loj, sum 460 ; i and 9. 10. 35, 56. 
11. 12* term, -43683-^; middle term, 12870. 12, 18. 

III. .Trigonometry. 

1. At 10 min. 40 sec, after I o'clock. 4, 75°, 15°. 

9. 82329-3 sq. ft., 100-647 ft. 11. 1886-32 sq,. ft. 

12- I3il sq. ft. 

IV. Statics and Dynamics. 

1. 173-2, 200, 173-2. Resultant = 2.4.5', where ^ is mid-point of CZ). 
3. 12 lbs. 4. I inch. 

5. a must be less than 120°. 6. -7^- 

Vio 

8. 72 ; 245. 10. 420. 

11. Greatest height, 25 ft.; range, 100^3 ft.; velocity, i6\/2i f.s. ; 

distance, 32^/19 ft. 

W. P. I 2E 



WOOLWICH ENTRANCE EXAMINATION. 

V. Pure Mathematics. 

2. i-'ix + yfi-yi^ + yi^-'ix' + lifi- 3. 8 and 4. 10. a^. 

11. (i,) x+2y=a, 2x-y=a; (ii.) ^x + 2y=o, 3^-4^=0; a right angle. 
14. ^}P + 2nxy - 2^ax - 6ay + 1 50^ = O. Centre, ( ~-, a\; directrix, 

I2x-gy+2ga = o. 

VI. Mechanics. 

1. OB : OA. 2. Length, 1 '354 inches ; tension, 63" 11 oz. 

3. At B, 270-4 lbs. ; at E, 375 lbs. 

4. It tilts first. 6. A parabola. 

9. Velocities, 0, u; distance apart, a-ut. Taking point of projection 
as origin, and the axes horizontal and vertical, equation to c.G. 

is (2;ir - af = ^>. 11. 94S87 A ft. -lbs. 



ANSWERS. 



NOVEMBER, 1892. 



II. Algebra. 



1. ilfi-Zb:fi+l2abx-2^cfi, ^cfi + na\bc)i - 2abc ^- (bc)^ . 

_, J- J • (n-i)a na {n + l)a na 

3. The ascending orders L_^, __, _-^, ^-— ^^. 

4. (i.) »»-^ (ii.) ?£(£+^; (iii.) a^-ab-b\ - 



2. 



5. I, l+V: 

6. (i.) -s; (ii.) ^ = «, --; y = j> --y: ("*■) 'i- 

7. :i^+2;i;-24 = 0, -14. 

8. ia-^b, ia-b, 2a -^b, ^a, ^a + ^b; 10 terms. 

9. 3360, 126. 10. I - 2ji; - 2;t^ - 4^-3 - lo;t^. 11. 4'9I9S6. 

III. Trigonometry. 

1. Cosine If, tangent H, cotangent |f, secant %^, cosecant ^f. 

i. 2sm~ = »Ji-sinA -nJl+sinA. 6. 'gSl. 

2 

8. 297443. 10- 322'847 ft. 

11. 19076s sq. ft. 12. 7-432 ft. 

IV. Statics and Dynamics. 

2. i^lbs. 4. 5 lbs. 

5. Perpendicular to 3C; 9 in. from B. 6. Nearly 6f^ ft. 
8. 7«. 9. 62 ft. 

3 



WOOLWICH ENTRANCE EXAMINATION. 

V. Pure Mathematics. 
I 



I2I0. 2. 



I I 

a + 



3. ^, f . 4. 3 : 4 : S. 

10. An ellipse, centre (a, o), semiaxes a, 2a. 

11. }' = a, 4j;-3[y + 3fl = 0. 14. 4a;+j/ = o. 

VI. Mechanics. 

1. S'023 lbs. 2, 1 cwt. 

3. -6248 cwt. 6. 30° to horizontal. 

7. t{t^-vgsma.t+igV}^. 8. ^sinocosa, ^sinV 
3LJ 3388 itfo' 3388 i^/;/' 
45 (-P-^)' 4S(-ff+^i>)' 



ANSWERS. 



JUNE, 1893. 

II. Algebra. 

1. {2JC-Sy){3x-ny), (x^-zxy+f)(x'+'ixy+y\ 

(x-i)(x+l)(3i? + x+i)[x^-x + i). 

2. 5xj/{x+y). 3. ^-2^ + 5. 

4. (i.)o; {ii.)4; {iii.) lU- B. (i.) 3*'- 7-^-2; (ii.) V?- Vf 

7. {i.)7; (ii.)7; (iii-) ^ = ±3. ±2; jy = ±2, ±3. 

8. {a-i+c)x^-2(a-c)x+a + i+c = o. 9. -2, o, 2, 4, 6. 

11. 8"'term = -S2|9;c7. 12. -6309. 

III. Trigonometry. 

1- 57-2727, 36-0818. 2. m, iU, itl 

7. 180-24 ft- 8. 37° 52' 27". 11. I ft. 

12. 277128 square inches, 7-542 cubic inches. 

IV. Statics and Dynamics. 

1. Resultant is J57P = 7 -55/', making an Z tan-^-i- = 66^° with OB. 

2. IfT, |fr. 3. At^96flbs., at^Ssflbs. 

1. At mid-point of ^C; 8| lbs., 6f lbs. 6. 1 6 lbs., 40 lbs. 

7. .r = 20l6, 7 = 224. 8. 4T''xf.s.s. 
9. ^ is J fl. away when S gets to C. 

W. P. I 2 F 



WOOLWICH ENTRANCE EXAMINATION. 

V. Pure Mathematics. 

2. (i+y + xy)(i+xy+xy). 3. h{y + S±sl(y + Sf-Aa^)- 

\2n 
4. i«(»-l)(« + 4). 5. 2'-"-^-j^2- 

9. 



I -zxcoso+a^ 

10. is the focus. If OT he the perpendicular from on the tangent 
and or be produced to T' so that 0T' = 20T, a line through 7" 
making angle a with the tangent is the directrix. 

14. ^.j; + 5_j' = o; ^;c+6;y = o. If these lines coincide ^^ = /4 C, and the 
curve becomes two coincident parallel lines. 



VI. Mechanics. 

1. 3-6 lbs., f5Cfrom.5. 2. ^TT Vps. 

3. i^(cot^tano-l). 4. 21. 

2 ■ 

6. S.W. wind, whose speed equals that of vessel,, 
10. 37^ miles an hour ; e^^min., 2x4^ miles. 



ANSWERS. 



NOVEMBER, 1893. 

II. Algebra. 

1. ^fi+^y^. 

2. x(x-i\,)(^x-^), (y+z)[y-z){y^+20), 

4. (i.)o; (ii.)f-i-i; (iii.)|. 5. {:i.)2x^ + ix-S;{n.)6-^'S. 

b a 

6. K^.)t±^, ^; (ii.) o, 7, -2A; (iii.) §, J. 

11. The 6* and 7* terms each = ^-^i-. 

III. Trigonometry. 

1. 1-309 ft. 2. -7, -H- 3- (i.)2cos^/i; (ii.) x/2tane. 

8. 2-52982. 9. 4*2siii2/4. 

11. 1511'^ cubic feet. 12. 3826747 square miles. 



IV. Statics and Dynamics. 

2. 45° 49' 21". 4. -f, ^^, f. 6. I9f. 

7. After I sees, and 2^ sees. At height of 29H ft. 

8. -Af ounce-weight. 9. ^-^ . ^ — . 



V. Pure Mathematics. 

» n 

3. (l+a^)-l{(l+a:")S-;i:}-l, {(l -(-a^JS-^-i. 



WOOLWICH ENTRANCE EXAMINATION. 



6. 90°, 30°. 



7. i^{|(6v2-8^3-V)}. 



8. 3jft. 9. 2x-^6y+i=o. 

11. jt^+>^-3ar + 2 = o, 2x^ + 2y-5;c-v'3;/ + 3 = o, 
2x2 + 2y-7^ + V3>' + 6 = o. 



12. t. t 



VI. Mechanics. 

2. 4Sjlbs. 3. Si^irtons. B. tah-^2fi,. 

7. The focus is a point 304 ft. below the point from which the ball was 

dropped ; the directrix is a line parallel to the direction of the 
train 30J ft. above the roof. 

8. (i.) 1200 lbs. ; (ii.) 34800 lbs. 9. (i.) 1:3; (ii.) i:2«+i. 
lO- SA inches. 



ANSWERS. 



JUNE, 1894. 

II. Arithmetic. 

1. 22f 2. -0016. 3. ;^74. IIS. loy. 

4. £1. 13s. ioJ(/. 5. -i^. 6. £36. 12S. 3d. 
7. 660. 8. 2 J inches. 9. 12. 

11. A had originally ;^l38o, B .^3220. 12. 6 days. 

13. 15. 14- ;^S- 

III. Algebra. 

1. j(^-3;i^+ii;c-8. 

2. (;i;-2j/)(.jr2 + 2;t-j' + 4;/2), {x-%y){x-l6y), (x^ + xy + y'){x' - xy + y^). 

3. ^2_7^ + 2. 4. S(a^ + l^ + c^-bc-ac-ab), 

5. (i.)»2+3„+i; (ii.) ^13 + ^11. 6. (i.) ^±f ; (ii.)4, -7. 

2 

7. ;i^ + 3/jc + 2/2 + ^ = 0. 8. 16 and 40 years. 

9. 12, i. 12. 2-5854607, -1602526, 5-82. 

IV. Trigonometry. 

1. 343° 38' iol4". 2. -^. 

3v/ 

3. 49-177 ft. 4. - ' -^13, -I, 4. 

\/2 2 V3 

8. 21° 47' I2J", 38° 12' 47^, 120°. 

„ f .jT^sin^a 2xy sin g cos ^ sin 7 >'^sin^7 "1 2 

tsin2(;3 - o) ~ sin (;8 - o) sin (7 - /?) sin2(7 - ^) / 
10. 60°, 44° 49' 20". 11- 114582 sq.ft. 

12. 4-0825 inches. 

W. P. I 2 G 



WOOLWICH ENTRANCE EXAMINATION. 

__ J 

V. Statics and Dynamics. • 

1. (i.) Equilibrium impossible ; (ii.) Parallel to sides of a right-angled 

triangle. 

2. ^{i440 + 30W2+i8o^/3-i44v/6}, tan -^j^^^|±|^|-^ with 0.4. 

3. (i.) 2l6f lbs. (ii.) 200 lbs. 

5. S lbs. -weight at distance l6" from greater force. 

6. 11 inch from centre. 8. Ratio is li : 10. 
9. At height 3520 ft., 1 1 sees, after the first was fired. 

10. 3 lbs. -weight, or 96 poundals. 

11. Range 7500, velocity 20V241 in direction tan"' jV to horizontal. 



VI. Pure Mathematics. 
2. "000762588, '000000566236. 3. ff sees., li^j sees. 

9. fH-^ = 2. 
P 1 

10. If the equation to the circle be x^ + y^ + Ax + By + C = o, 

{A + Bf > 8C. 

11. ^-l-y-5a:^ = o; (a, ia^, ^^, -^V and ^a, -2a), (^. y)- 
13. x^+f+ixy^^^a-'-S'. 



VII. Mechanics. 

2. mr. 3. — . 5. | /. from end of the bar. 

8. 20,000 ft., 25-5 ft. 9. IW. 



ANSWERS. 



NOVEMBER, 1894. 

II. Arithmetic. 

1. J. 2. 440-82. 3. 4J per cent. 

4. 4 cwt. I qr. 14 lbs. 5. -hs- 6. ;^200. lOJ. 2\d. 

7. 47. 9. ;^8o. 10. 3 p.m. 

12. Latter. 13. ;^I94. 5^., ;^224. 14J. 



14. 37J miles. 



1. jc*+B;«^-a'x-a*. 



III. Algebra. 



2yz 

4. -(a + i5 + (:). 5. ^ = -3, ^=li, 2 = 4- 

6. -i ±3. 7. -I, -i. 

8. Series is 3 + 2i + 2 + lJ+ .... 

10. 45 and 36 miles an hour. 11. 3-2101493, 2-30258. 



IV. Trigonometry. 

1. 57A°. 3. 15°. e. 20°. 

%. B = 54° 56' 48", C = 83° 3' 12", c = 209-174 ; or 5 = 125° 3' 12", 

C= 12° 56' 48", i: = 47-2108. 

9. 109° 6'. 10. 3^sq. feet. 11. 12-143 sq. inches. 

V. Statics and Dynamics. 
1. 2.AC. 3. loolbs., 40 lbs. ; 112 lbs., 28 lbs. 

5. ^, J^. 6. I. 

7. 1024 ft., 16 seconds ; 4 and 12 seconds. 
9. 45°, 160 f.s. 10' 2 lbs.-weight, or 64 poundals. 

3 



WOOLWICH ENTRANCE EXAMINATION. 



VI. Pure Mathematics. 

4. 103923, percentage 7725. 6. 4. 

6. 82° 25' 22" and 57° 34' 38". 

7. ^ sin '^ ~ ^ sin "^ ~ '^ sin ^ ~ ^ , '000227633. 10. y-k = J'i{x-h). 
p 2.. 2 2 



VII. Mechanics. 

1- 7 'Sg- 2. — !^ making angle 60° with horizon. 

3. \/i3 : 2. 5. 14 lbs. 8. 100 ft. 

9. 34 seconds. 10. S0;y/2 f.s., tan"^|. 



